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PREFACE. 

On  account  of  its  clearness  and  breadth  of  view,  its  comparatively 
simple  character  and  moderate  size,  Professor  Richard  Hertwig's 
'Lehrbuch  der  Zoologie'  has  for  ten  years  held  the  foremost  place 
in  German  schools.  The  first  or  general  part  of  the  work  was 
translated  in  1896  by  Dr.  George  W.  Field,  and  the  cordial  recep- 
tion which  this  has  had  in  America  has  led  to  the  present  reproduc- 
tion of  the  whole. 

This  American  edition  is  not  an  exact  translation.  With  the 
consent  of  the  author  the  whole  text  has  been  edited  and  modified 
in  places  to  accord  with  American  usage.  For  these  changes  the 
translator  alone  can  be  held  responsible.  Some  of  the  alterations 
are  slight,  but  others  are  very  considerable.  Thus  the  group  of 
Vermes  of  the  original  has  been  broken  up  and  its  members  dis* 
tributed  among  several  phyla;  the  account  of  the  Arthropoda  has 
been  largely  rewritten  and  the  classification  materially  altered ;  while 
the  Tunicata  and  the  Enteropneusti  have  been  removed  from  their 
position  as  appendices  to  the  Vermes  and  united  with  the  Verte- 
brata  to  form  the  phylum  Ghordata.  Other  changes,  like  those  in 
the  classification  of  the  Reptilia  and  the  nephridial  system  of  the 
yertebrates,  are  of  less  importance. 

A  large  number  of  illustrations  have  been  added,  either  to  make 
clearer  points  of  structure  or  to  aid  in  the  identification  of  Americau 
forms.  Except  in  the  Protozoa,  American  genera  have  in  most 
cases  been  indicated  by  an  asterisk.  Numerous  genera  have  been 
mentioned  so  that  the  student  may  see  the  relationships  of  forms 
described  in  morphological  literature. 

In  the  translation  the  word  Anlage,  meaning  the  embryonic 
material  from  which  an  organ  or  a  part  is  developed,  has  been 
transferred  directly.  As  our  language  is  Germanic  in  its  genius, 
there  can  be  no  valid  objection  to  the  adoption  of  the  word. 

As  this  work  is  intended  for  beginners,  no  bibliography  has  been 
given.  A  list  of  literature  to  be  of  much  value  would  have  been  so 
large  as  to  materially  increase  the  size  of  the  volume.     Experience 
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has  shown  that  beginners  rarely  go  to  the  original  sources.  This 
omission  is  the  less  important  since  in  all  schools  where  the  book  is 
likely  to  be  used  other  works  containing  good  bibliographies  are 
accessible.  Beference  might  here  be  made  to  those  in  the  Anat- 
omies of  Lang  and  Wiedersheim,  the  Embryologies  of  Balfour, 
Korschelt  and  Heider^  Minot,  and  Hertwig,  and  Wilson's  work  on 
The  Cell. 

The  editor  must  here  return  his  thanks  to  Dr.  George  W.  Field 
for  his  kindness  in  allowing  the  use  of  his  translation  of  the  first 
part  of  the  book  as  the  basis  of  the  present  edition. 

J.  S.  KlXGSLEY. 
Tufts  Coluegb,  Mass.,  Sept.  19, 190d.  « 
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GENERAL    PRINCIPLES    OF    ZOOLOGY. 


INTRODUCTION. 

Man's  Relation  to  Other  Animals. — The  man  who  has  learned 
to  observe  nature  in  a  disinterested  manner  sees  himself  in  the 
midst  of  a  manifold  variety  of  organisms,  which  in  their  structure, 
and  even  more  in  their  vital  phenomena,  disclose  to  him  a  simi- 
larity to  his  own  being.  This  similarity,  with  many  of  the 
mammals,  especially  the  anthropoid  apes,  has  the  sharpness  of  a 
caricature.  In  the  invertebrate  animals  it  is  softened ;  yet  even 
in  the  lowest  organisms,  for  our  knowledge  of  which  we  are 
indebted  to  the  microscope,  it  is  still  to  be  found :  although  here 
the  vital  processes  which  have  reached  such  an  astonishing  com- 
plexity and  perfection  in  ourselves  can  only  be  recognized  in  their 
simplest  outlines.  Man  is  part  of  a  great  whole,  the  Animal 
Kingdom,  one  form  among  the  many  thousand  forms  in  which 
animal  organization  has  found  expression. 

Purpose  of  Zoological  Study. — If  we  would,  therefore,  fully 
understand  the  structure  of  man,  we.  must,  as  it  were,  look  at  it 
n})on  the  background  which  is  formed  by  the  conditions  of 
organization  of  the  other  animals,  and  for  this  purpose  we  must 
investigate  these  conditions.  To  such  endeavors  the  scientific 
knowledge  of  animal  life,  or  Zoology,  owes  its  origin  and  continued 
advancement.  But  meanwhile  the  subject  of  zoology  has  widened; 
for,  apart  from  its  relations  to  man,  zoology  has  to  explain  the 
organization  of  animals  and  their  relations  to  one  another.  This 
is  a  rich  field  for  scientific  activity;  its  enormous  range  is  a  conse- 
quence, on  the  one  hand,  of  the  well-nigh  exhaustless  variety  of 
animal  organization,  and,  on  the  other  hand,  of  the  different 
points  of  view  from  which  the  zoologist  enters  upon  the  solution 
of  his  problem. 


2  GENERAL  PRINCIPLES  OF  ZOOLOGY. 

In  the  first  half  of  the  last  century  the  conception,  which  is 
still  held  by  the  public  at  large,  was  prevalent,  if  not  quite  uni- 
versal, in  scientific  circles,  that  the  aim  of  zoology  is  to  furnish 
every  animal  with  a  name,  to  characterize  it  according  to  some 
easily  recognizable  features,  and  to  classify  it  in  a  way  to  facilitate 
quick  identification.  By  Natural  History  was  understood  the 
classification  of  animals,  that  is  to  say,  only  one  part  of  zoology, 
indeed  a  part  of  minor  importance,  which  can  pretend  to  scientific 
value  only  when  it  is  brought  into  relation  with  other  problems 
(geographical  distribution,  evolution).  This  conception  has 
during  the  past  five  decades  become  more  and  more  subordinated. 
The  ambition  to  describe  the  largest  possible  number  of  new  forms 
and  to  shine  by  means  of  an  extensive  knowledge  of  species  belongs 
to  the  past.  In  fact  there  is  a  tendency  to  undue  neglect  of 
classification.  Morphology  and  Physiology  to-day  dominate  the 
sphere  of  the  zoologist's  work. 

Morphology,  or  the  study  of  form,  begins  with  the  appearances 
of  animals,  and  has  first  to  describe  all  which  can  be  seen  exter- 
nally, as  size,  color,  proportion  of  parts.  But  since  the  external 
appearance  of  an  animal  cannot  be  understood  without  knowledge 
of  the  internal  organs  which  condition  the  external  form,  the 
morphologist  must  make  these  accessible  by  the  aid  of  dissection, 
of  Anatomy,  and  likewise  describe  their  forms  and  methods  of 
combination.  In  his  investigation  he  only  stops  when  he  has 
arrived  at  the  morphological  elements  of  the  animal  body,  the 
cells.  Everywhere  the  morphologist  has  to  do  with  conditions  of 
form:  the  only  difference  lies  in  the  instruments  by  means  of 
which  he  obtains  his  insight,  according  to  whether  he  gathers  his 
knowledge  through  immediate  observation,  or  after  a  previous 
dissection  with  scalpel  and  scissors,  or  by  use  of  the  micro- 
scope. Therefore  we  cannot  contrast  Morphology  and  Anatomy, 
and  ascribe  to  the  former  the  description  of  only  the  external,  and 
to  the  latter  of  only  the  internal  parts.  The  distinction  is  not 
logically  correct,  since  the  kind  of  knowledge  and  the  mental 
processes  are  the  same  in  both  cases.  The  distinction,  too,  is 
unnatural,  since  in  many  instances  organs  which  in  some  cases  lie 
in  the  interior  of  the  body,  and  must  be  dissected  out,  belong  in 
other  cases  to  the  surface  of  the  body,  and  are  accessible  for  direct 
description.  Further,  on  account  of  their  transparency  the  in- 
ternal parts  of  many  animals  can  be  studied  without  dissection. 

ComparatiYe  Anatomy. — For  morphology,  as  for  every  science, 
the  proposition  is  true  that  the  mere  accumulation  of  facts  is  not 
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sufficient  to  giye  the  subject  the  character  of  a  science;  an  addi- 
tional mental  elaboration  of  this  material  is  necessary.  Such  a 
result  is  reached  by  comparison.  The  morphologist  compares 
animals  with  each  other  according  to  their  structure,  in  order  to 
ascertain  what  parts  of  the  organization  recur  eyer3rwhere,  what 
only  within  narrow  limits,  possibly  restricted  to  the  representatiyes 
of  a  single  species.  He  thus  gains  a  double  adyantage:  (1)  an 
insight  into  the  relationships  of  animals,  and  hence  the  foundation 
for  a  Natural  System ;  (2)  the  eyidence  of  the  laws  which  govern 
organisms.  Any  organism  is  not  a  structure  which  has  arisen 
independently  and  which  is  hence  intelligible  by  itself:  it  stands 
rather  in  a  regular  dependent  relation  to  the  other  members  of  the 
animal  kingdom.  We  can  only  understand  its  structure  when  we 
compare  it  with  the  closely  and  the  more  distantly  related  animals, 
e.g.,  when  we  compare  man  with  the  other  vertebrates  and  with 
many  lower  invertebrate  forms.  Here  we  have  to  consider  one  of 
the  most  mysterious  phenomena  of  the  organic  world,  the  path  to 
the  full  explanation  of  which  was  first  broken  by  the  Theory  of 
Evolution,  as  will  be  shown  in  another  chapter. 

Ontogeny. — To  morphology  belongs,  as  an  important  integral 
part.  Ontogeny  or  Embryology.  Only  a  few  animals  are  com- 
pletely formed  in  all  their  parts  at  the  beginning  of  their  individual 
existence;  most  of  them  arise  from  the  egg,  a  relatively  simple 
body,  and  then  step  by  step  attain  their  permanent  form  by  com- 
plicated changes.  The  morphologist  must,  with  the  completest 
possible  series,  determine  by  observation  the  different  stages,  com- 
pare them  with  the  mature  animals,  and  with  the  structure  and 
developmental  stages  of  other  animals.  Here  is  revealed  to  him 
the  same  conformity  to  law  which  dominates  the  mature  animals, 
and  a  knowledge  of  this  conformity  is  of  fundamental  importance 
as  well  for  classification  as  for  the  causal  explanation  of  the  animal 
form.  The  developmental  stages  of  man  show  definite  regular 
agreements,  not  only  with  the  structure  of  the  adult  human  being, 
which  in  and  of  itself  would  be  intelligible,  but  also  with  the 
structure  of  lower  vertebrates,  like  the  fishes,  and  even  with  many 
of  the  still  lower  animals  of  the  invertebrate  groups. 

Physiology. — In  the  same  way  as  the  morphologist  studies  the 
structure,  the  physiologist  studies  the  vital  phenomena  of  animals 
and  the  functions  of  their  organs.  Formerly  life  was  regarded  as 
the  expression  of  a  special  vital  force  peculiar  to  organisms,  and 
any  attempt  at  a  logical  explanation  of  the  vital  processes  was 
thereby  renounced.    Modern  physiology  has  abandoned  this  theory 
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of  vital  force;  it  lias  begun  the  attempt  to  explain  life  as  the 
summation  of  extremely  complicated  chemico-physical  processes, 
and  thus  to  apply  to  the  organic  world  those  explanatory  princi- 
ples which  prevail  in  the  inorganic  realm.  The  results  obtained 
show  that  it  is  the  correct  method. 

Since  each  organic  form  is  the  product  of  its  development, 
since,  further,  the  development  represents  to  us  the  summation  of 
most  complicated  vital  processes,  the  explanation  of  the  organic 
bodily  form  is,  therefore,  in  ultimate  analysis  a  physiological 
problem;  though  of  course  a  problem  whose  solution  lies  still  in 
the  indefinitely  distant  future.  What  has  been  actually  accom- 
plished in  this  direction  is  only  the  smallest  beginning,  even  in 
comparison  with  that  which  many  falsely  regard  as  already  attained. 

Biology. — According  as  the  relations  of  each  organism  to  the 
external  world  are  brought  about  through  its  vital  phenomena, 
there  belongs  to  physiology,  or  at  least  is  connected  with  it,  the 
study  of  the  conditions  of  animal  existence,  (Ecology  or  Biology. 
This  branch  of  the  science  has  of  late  attained  a  very  considerable 
importance.  How  animals  are  distributed  over  the  globe,  how 
climate  and  conditions  influence  their  distribution,  how  by  known 
factors  the  structure  and  the  mode  of  life  become  changed,  are 
questions  which  are  to-day  discussed  more  than  ever  before. 

Paleontology. — Finally  in  the  realm  of  zoology  belongs  also 
Paleozoology  or  Paleontology,  the  study  of  the  extinct  animals. 
For  between  the  extinct  and  the  living  animals  there  exists  a 
genetic  relationship:  the  former  are  the  precursors  of  the  latter, 
and  their  fossil  remains  are  the  most  trustworthy  records  of  the 
history  of  the  race,  or  Phylogeny.  As  in  human  affairs  the 
present  conditions  can  only  bo  completely  understood  by  the  aid 
of  history,  so  in  many  cases  the  zoologist  must  draw  upon  the 
results  of  paleontology  for  an  explanation  of  the  living  animal 
world. 

The  science  of  zoology  would  be  subdivided  in  the  above-men- 
tioned manner  if  we  wished  to  proceed  entirely  on  a  scientific  basis. 
Yet  practical  considerations  have  made  many  modifications  neces- 
sary. On  account  of  their  paramount  importance  to  the  medical 
profession  human  anatomy  and  embryology  have  been  raised  to 
independent  branches  of  science.  In  comparative  physiology  only 
the  most  general  foundations  have  been  laid;  a  more  special 
physiology  exists  only  for  man  and  the  higher  vertebrates;  this, 
too,  for  the  above-named  reasons  has  been  made  a  special  branch 
of  science.     Paleontology  also  has,   in  addition  to   its   specific 
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zoological  tasks,  attained  importance  as  a  scientific  aid  to  geology, 
since  it  furnishes  the  materials  for  characterizing  and  fixing  the 
various  geological  ages  and  the  earth's  history  during  those  ages. 
When,  therefore,  at  the  present  day  we  speak  of  zoology,  we 
usually  refer  to  morphology  and  classijication  of  living  animals 
with  consideration  of  their  general  vital  phenomejia. 

The  views  here  given  of  the  character  of  zoology  have  not  been 
the  same  in  all  time.  Like  every  science  zoology  has  developed 
gradually;  it  has  varied  with  each  epoch  and  tendency,  according 
as  the  systematic  or  the  morphological  or  the  physiological  point 
of  view  was  the  prevailing  one.  It  will  now  be  interesting  to  take 
a  hasty  glance  at  the  most  important  phases  in  the  development 
of  zoology.  The  reader  will  better  understand  the  questions  which 
now  dominate  zoological  inquiry,  if  he  know  how  these  have  arisen 
historically. 


HISTORY  OF  ZOOLOGY. 

Methods  of  Zoological  Study. — In  the  higtory  of  zoology  we 
can  distinguish  two  great  currents,  which  have  been  united  in  a 
few  men,  but  which  on  the  whole  have  developed  independently, 
nay,  more  often  in  pronounced  opposition  to  each  other;  these  are 
on  the  one  side  the  systematic,  on  the  other  the  morphologico- 
physiological  mode  of  studying  animals.  In  this  brief  historical 
summary  they  will  be  kept  distinct  from  one  another,  although  in 
the  commencement  of  zoological  investigation  there  was  no  oppo- 
sition between  the  two  points  of  view,  and  even  later  this  has  in 
many  instances  disappeared. 

AristotlCy  the  great  Oreek  philosopher,  has  been  distinguished 
as  the  Father  of  Natural  History,  which  means  that  his  predeces- 
sors' fragmentary  knowledge  of  zoology  could  not  be  compared 
with  the  well-arranged  order  in  which  Aristotle  had  brought 
together  his  own  and  the  previously  existing  knowledge  of  the 
nature  of  animals.  In  Aristotle  favorable  external  conditions  were 
united  with  more  favorable  mental  ability.  Equipped  with  the 
literary  aid  of  an  extensive  library  and  the  pecuniary  means  then 
more  indispensable  than  now  for  natural-history  investigation,  he 
pursued  the  inductive  method^  the  only  one  which  is  capable  of 
furnishing  secure  foundations  in  the  realm  of  natural  science.  It 
is  a  matter  for  great  regret  that  there  have  been  preserved  only 
parts  of  his  three  most  important  zoological  works,  ^'Ilistoria 
animalium,''  "De  partibus,"  and  "De  genera tione,'*  works  in 
which  zoology  is  founded  as  a  universal  science,  since  anatomy  and 
embryology,  physiology  and  classification  find  equal  consideration. 
IIow  far  Aristotle,  notwithstanding  many  errors,  attained  to  a 
correct  knowledge  of  the  structure  and  embryology  of  animals,  is 
shown  by  the  fact  that  many  of  his  discoveries  have  been  confirmed 
only  within  a  century.  Thus  it  was  known  to  Aristotle,  though 
only  lately  rediscovered  by  Johannes  MuUer,  that  many  sharks  are 
not  only  viviparous,  but  that  also  in  their  case  the  embryo  becomes 
fixed  to  the  maternal  uterus  and  there  is  formed  a  contrivance  for 
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nutrition  resembling  the  mammalian  and  even  the  human  pla- 
centa; he  knew  the  difference  between  male  and  female  cephalo- 
pods,  and  that  the  yonng  cuttlefish  has  a  preoral  yolk-sac. 

The  position  which  Aristotle  took  in  reference  to  the  classifica- 
tion of  animals  is  of  great  interest;  he  mentions  in  his  writings  the 
very  considerable  number  of  about  five  hundred  species.  Since  he 
does  not  mention  very  well-known  forms,  like  the  badger,  dragon- 
fly, etc.,  we  can  assume  that  he  knew  many  more,  but  did  not 
regard  it  necessary  to  give  a  catalogue  of  all  the  forms  known  to 
him,  and  that  he  mentioned  them  only  if  it  was  necessary  to  refer 
to  certain  physiological  or  morphological  conditions  found  in  them. 

This  neglect  of  the  systematic  side  is  further  shown  in  the  fact 
that  the  great  philosopher  is  satisfied  with  two  systematic  cate- 
gories, with  eidos,  species  or  kind,  and  yivos  or  group.  His 
eight  yey?^  fAeyiara  would  about  correspond  with  the  Classes  of 
modern  zoology;  they  have  been  the  starting-point  for  all  later 
attempts  at  classification,  and  may  therefore  be  enumerated  here: 

1.  Mammals  {ZcooTOKOvvra  ev  avrdis), 

2.  Birds  (opvi&es). 

3.  Oviparous  quadrupeds  {rerpanoda  cporoKOuyra), 

4.  Fishes  (ixOves). 

6.  Molluscs  (fJiaXotKia). 

6.  Crustaceans  {/uaXaKoa-TpaKa). 

7.  Insects  (evTopta), 

8.  Animals  with  shells  {oarpaKodeppiaTa), 

Aristotle  also  noticed  the  close  connexion  of  the  first  four 
groups,  since  he,  without  indeed  actually  carrying  out  the  divi- 
sion, has  contrasted  the  animals  with  blood,  evaipia  (better, 
animals  with  red  blood),  with  the  bloodless,  avaijia  (better, 
animals  with  colorless  blood  or  with  no  blood  at  all). 

DEVELOPMENT   OF   SYSTEMATIC  ZOOLOGY. 

Pliny. — It  is  a  remarkable  fact  that  after  the  writings  of 
Aristotle,  in  which  classification  is  much  subordinated  and  onlv 
serves  to  express  the  anatomical  relationships  in  animals,  an 
exclusively  systematic  direction  should  have  been  taken.  This  is 
explicable  only  when  we  consider  that  the  mental  continuity  of 
investigation  was  completely  broken  on  the  one  hand  by  the 
decline  and  ultimate  complete  collapse  of  ancient  classic  civiliza- 
tion, and  on  the  other  by  the  triumphant  advance  of  Christianity. 
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The  decay  of  zoological  investigation,  that  had  only  just  begun  to 
bloom,  begins  in  the  writings  of  Pliny.  Although  this  Roman 
general  and  scholar  was  long  lauded  as  the  foremost  zoologist  of 
antiquity,  he  is  now  given  the  place  of  a  not  even  fortunate  com- 
piler, who  collected  from  the  writings  of  others  the  accurate  and 
the  fabulous  indiscriminately,  and  replaced  the  natural  classifica- 
tion of  animals  according  to  structure  by  the  unnatural,  purely 
arbitrary  division  according  to  their  place  of  abode  (flying  animals, 
land  animals,  water  animals). 

Zoology  of  the  Middle  Ages. — The  rise  of  Christianity  resulted 
in  the  complete  annihilation  of  natural  science  and  investigation. 
The  world-renouncing  character,  which  originally  was  peculiar  to 
the  Christian  conception,  led  naturally  to  a  disposition  hostile  to 
any  mental  occupation  with  natural  things.  Then  came  a  time 
when  answers  to  questions  capable  of  solution  by  the  simplest 
observation  were  sought  by  painstaking  learned  rummaging  of  the 
works  of  standard  authors.  How  many  teeth  the  horse  has,  was 
debated  in  many  polemics,  which  would  have  led  to  bloodshed  if 
one  of  the  authors  had  not  taken  occasion  to  look  into  a  horse's 
mouth.  Significant  of  this  mental  bias  which  prevailed  through- 
out the  entire  Middle  Ages  is  the  *  Physiologus'  or  *  Bestiarins,'  a 
book  from  which  the  zoological  authors  of  the  Middle  Ages  drew 
much  material.  The  book  in  its  various  editions  names  about 
seventy  animals,  among  them  many  creatures  of  fable :  the  dragon, 
the  unicorn,  the  phoenix,  etc.  Most  of  the  accounts  given  of 
various  animals  arc  fables,  intended  to  illustrate  religious  or 
ethical  teachings.  In  a  similar  way  the  religious  element  played 
an  important  role  in  the  many-volumed  Natural  History  of  the 
Dominican  Albertus  Magnus,  and  Vincentius  Bellovacensis,  and 
of  the  Augustine  Thomas  Cantimpratensis,  although  these  used 
as  a  foundation  for  their  expositions  the  Latin  translation  of 
Aristotle,  the  works  of  Pliny  and  other  authors  of  antiquity. 

Wotton. — Under  such  conditions  we  must  regard  it  as  an  im- 
portant advance  that  at  the  close  of  the  Middle  Ages,  when  the 
interest  in  scientific  investigation  awoke  anew,  Aristotle's  concep- 
tions were  taken  up  and  elaborated  from  a  scientific  standpoint. 
In  this  sense  we  can  call  the  Englishman  Wotton  the  successor  of 
Aristotle.  In  1552  he  published  his  work  "De  differentiis 
animalium,"  in  which  he  essentially  copied  the  system  of  Aristotle, 
except  that  he  admitted  the  new  group  of  plant-animals  or 
zoophytes.  However,  the  title,  *  On  the  Distinguishing  Characters 
of  Animals,'  shows  that  of  the  rich  treasury  of  Aristotelian  knowl- 
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edge  the  systematic  results  obtained  the  chief  recognition,  and 
thus  Wotton's  work  inaugurated  the  period  of  systematic  zoology, 
which  in  the  Englishman  Bay^  but  even  more  in  Linnaeus,  has 
found  its  most  brilliant  exponents. 

Linnaeus,  the  descendant  of  a  Swedish  clergyman,  whose 
family  name  Ingemarsson  had  been  changed  after  a  linden-tree 
near  the  parsonage,  to  Lindelius,  was  bom  in  Eashult  in  1707. 
Pronounced  by  his  teachers  to  be  good  for  nothing  at  study,  he 
was  saved  from  the  fate  of  learning  the  cobbler^s  trade  through 
the  influence  of  a  physician,  who  recognized  the  fine  abilities  of 
the  boy,  and  won  him  for  medical  studies.  He  studied  at  Lund 
and  Upsala;  at  the  age  of  twenty-eight  he  made  extended  tours  on 
the  Continent,  and  at  that  time  gained  recognition  from  the  fore- 
most men  in  his  profession.  In  1741  he  became  professor  of  medi- 
cine in  Upsala,  some  years  later  professor  of  natural  history.  He 
died  in  1778. 

ImproYcment  of  Zoological  Nomenclature  by  Linnaeus. — 
LinnaBUs's  most  important  work  is  his  "  Systema  Naturae,^'  which, 
first  appearing  in  1735,  up  to  1766-68  passed  through  twelve 
editions;  after  his  death  there  came  out  a  thirteenth,  edited  by 
Gmelin.  This  has  become  the  foundation  for  systematic  zoology, 
since  it  introduces  for  the  first  time  (1)  a  sharper  division  into  the 
system,  (2)  a  definite  scientific  terminology,  the  binomial  nomen- 
clature, and  (3)  brief,  comprehensive,  clear  diagnoses.  In  classi- 
fication LinnaBus  employed  four  categories;  he  divided  the  entire 
Animal  Kingdom  into  Classes,  the  Classes  into  Orders,  these  into 
Genera,  the  Genera  finally  into  Species.  The  term  Family  was ' 
not  employed  in  the  **  Systema  Naturae."    Still  more  important  J 

was  the  bUioinial  nomenclature.  Hitherto  the  common  names  were 
in  use  in  the  scientific  world,  and  led  to  much  confusion;  the  same 
animals  had  different  names,  and  different  animals  had  the  same 
names;  in  the  naming  of  newly  discovered  animals  there  prevailed 
no  generally  accepted  principle.  This  inconvenience  was  entirely 
obviated  by  Linnaeus  in  the  tenth  edition  of  his  Systema  by  the 
introduction  of  a  scientific  nomenclature.  The  first  word,  a  noun, 
designates  the  genus  to  which  the  animal  belongs,  the  following 
word,  usually  an  adjective,  the  species  within  the  genus.  The 
names  Cams  familiarisy  Canis  lupus,  Canis  vulpes,  indicate  that 
the  dog,  wolf,  and  fox  are  related  to  one  another,  since  they  belong 
to  the  same  genus,  the  genus  of  doglike  animals,  of  which  they  are 
different  species.  Linnaeus^s  method  of  naming  was  particularly 
valuable  in  the  description  of  new  species,  inasmuch  as  it  at  the 
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outset  informed  the  reader  to  what  position  of  relationship  the  new 
8pe<5ies  was  to  be  assigned. 

In  his  characterization  of  the  varioas  systematic  groups  LinnsBus 
broke  completely  with  the  hitherto-prevailing  custom.  His 
predecessors  (as  Gessner,  Aldrovandus)  in  their  Natural  Histories 
had  given  a  verbose  and  detailed  description  of  each  animal^  from 
which  the  beginner  was  scarcely  able  to  see  what  was  specially 
characteristic  for  that  animal,  a  matter  which  should  have  been 
emphasized  in  the  definition.  LinnsBus,  on  the  other  hand,  intro- 
duced brief  diagnoses,  which  in  a  few  words,  never  in  sentence 
form,  gave  only  what  was  necessary  for  recognition.  Thus  a  way 
was  found  which  insured  comprehensibility  in  the  enormously 
increasing  number  of  known  animals. 

Influence  of  the  Linnean  System. — But  in  the  great  superiority 
of  the  Linnean  System  lay  at  the  same  time  the  germ  of  the  one- 
sided development  which  zoology  came  to  take  under  his  influence. 
The  logical  perfecting  of  the  system,  which  undoubtedly  had 
become  necessary,  gave  that  a  brilliant  aspect,  and  hid  the  fact 
that  classification  is  not  the  ultimate  purpose  of  investigation,  but 
only  an  important  and  indispensable  aid  to  it.  In  the  zeal  for 
naming  and  classifying  animals,  the  higher  goal  of  investigation, 
knowledge  of  the  nature  of  animals,  was  lost  sight  of,  and  the 
interest  in  anatomy,  physiology,  and  embryology  flagged. 

From  these  reproaches  we  can  scarcely  spare  Linnasus  himself, 
the  father  of  this  tendency.  For^while  in  his  "  Systema  Naturae'* 
he  treated  of  a  much  larger  number  of  animals  than  any  earlier 
zoologist,  he  brought  about  no  deepening  of  our  knowledge.  The 
manner  in  which  he  divided  the  animal  kingdom,  in  comparison 
with  the  Aristotelian  system,  is  rather  a  retrogression  than  an 
advance.  Linnaeus  divided  the  animal  kingdom  into  six  classes: 
Mammalia,  Aves,  Amphibia,  Pisces,  Insecta,  Vermes.  The  first 
four  classes  correspond  to  Aristotle's  four  groups  of  animals  with 
blood.  In  the  division  of  the  invertebrated  animals  into  Insecta 
and  Vermes  Linnaeus  stands  undoubtedly  behind  Aristotle,  who 
attempted,  and  in  part  successfully,  to  set  up  a  larger  number  of 
groups. 

But  in  his  successors,  even  more  than  in  Linnaeus  himself,  we 
see  the  damage  wrought  by  the  systematic  method.  The  diagnoses 
of  Linnaeus  were  for  the  most  part  models,  which,  mutatis 
mutandis,  could  be  employed  for  new  species  with  little  trouble. 
There  was  needed  only  some  exchanging  of  adjectives  to  express 
the  differences.     With  the  hundreds  of  thousands  of  different 
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species  of  animals  there  was  no  lack  of  material,  and  so  the  arena 
was  opened  for  that  spiritless  zoology  of  species-making  which  in 
the  first  half  of  the  last  century  brought  zoology  into  such  discredit. 
Zoology  would  have  been  in  danger  of  growing  into  a  Tower  of 
Babel  of  species-describing  had  not  a  counterpoise  been  created  in 
the  strengthening  of  the  physiologi co-anatomical  side. 

DEVELOPMENT  OP  MORPHOLOGY. 

Anatomists  of  Classic  Antiquity. — Comparative  anatomy — for 
this  chiefly  concerns  us  here — for  a  long  time  owed  its  development 
to  the  students  of  human  anatomy;  this  is  due  to  the  fact  that  even 
up  to  a  recent  date  comparative  anatomy  was  assigned  to  the 
medical  faculty,  while  zoology  belonged  to  the  philosophical 
faculty,  as  if  it  were  an  entirely  separate  study.  The  disciples  of 
Hippocrates  had  previously  studied  animal  anatomy  for  the  pur- 
pose of  obtaining  an  idea  of  human  organization,  from  the  struc- 
ture of  other  mammals,  and  thus  to  gain  a  secure  foundation  for 
the  diagnosis  of  human  diseases.  The  work  of  classical  antiquity 
most  prominent  in  this  respect,  the  celebrated  Human  Anatomy 
by  Claudius  Galenus  (131-201  a.d.),  is  based  chiefly  upon  obser- 
vations upon  dogs,  monkeys,  etc. ;  for  in  ancient  times,  and  even 
in  the  Middle  Ages,  men  showed  considerable  repugnance  to 
making  the  human  cadaver  a  subject  of  scientific  investigation. 

Middle  Ages. — The  first  thousand  years  in  which  Christianity 
formed  the  ruling  power  in  the  mentallife  of  the  people  was  quite 
fruitless  for  anatomy;  in  the  main  men  held  to  the  writings  of 
Galen  and  the  works  of  his  commentators,  and  seldom  took  occa- 
sion to  prove  their  correctness  by  their  own  observations.  With 
the  ending  of  the  Middle  Ages  the  interest  in  independent  scien- 
tific research  first  broke  its  bounds. 

Vesal  (1514-15G4),  the  creator  of  modem  anatomy,  had  the 
courage  carefully  to  investigate  the  human  cadaver  and  to  point 
out  numerous  errors  in  Galen's  writings  which  had  arisen  through 
the  unwarranted  application  to  human  anatomy  of  the  discoveries 
made  upon  other  animals.  By  his  corrections  of  Galen,  Vesal  was 
drawn  into  a  violent  controversy  with  his  teacher,  Sylvius,  an 
energetic  defender  of  Galen's  authority,  and  with  his  renowned 
contemporary  Eustachius,  which  did  much  for  the  development  of 
comparative  anatomy.  At  first  animals  were  dissected  only  for 
the  purpose  of  disclosing  the  cause  of  Galen's  mistakes,  but  later 
through  a  zeal  and  love  for  facts.     It  was  natural  that  first  of  all 
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vertebrates  found  consideration,  since  they  stand  next  to  man  in 
structure.  Thus  there  appeared  in  the  same  century  with  Vesal's 
Human  Anatomy  drawings  of  skeletons  of  vertebrates  by  the 
Nuremberg  physician  Coiter;  the  anatomical  writings  of  Fabricius 
ab  Aquapendentc,  etc. 

Beginning  of  Zootomy. — But  later  attention  was  turned  also  to 
insects  and  molluscs,  indeed  even  to  the  marine  echinoderms, 
coelenterates,  and  Protozoa.  Here,  above  all,  three  men  who  lived 
at  the  end  of  the  seventeenth  century  deserve  mention,  the  Italian 
Malpighi  and  the  Dutchmen  Swammerdam  and  Leeuwenhoek. 
The  former's  "  Dissertatio  de  bombyce  "  was  the  pioneer  for  insect 
anatomy^  since  by  the  discovery  of  the  vasa  Malpighii,  the  heart, 
the  nervous  system,  the  tracheae,  etc.,  an  extraordinary  extension 
of  our  knowledge  was  brought  about.  Of  Swammerdam's  writings 
attention  should  be  called  particularly  to  **The  Bible  of  Nature/' 
a  work  to  which  no  other  of  that  time  is  comparable,  since  it  con* 
tains  discoveries  of  great  accuracy  on  the  structure  of  bees,  May' 
flies,  snails,  etc.  Leeuwenhoek,  finally,  was  a  most  fortunate 
discoTerer  in  the  field  of  microscopic  research,  by  him  introduced 
into  science.  Besides  other  things  he  studied  especially  the 
minute  inhabitants  of  the  fresh  waters,  the  *  infusion-animalcules,' 
a  more  careful  investigation  of  which  has  led  to  a  complete  reversal 
of  our  conception  of  the  essentials  of  animal  organization. 

The  Dawn  of  Independent  Observation. — The  great  service  of 
the  men  named  above  consists  chiefly  in  that  they  broke  away  from 
the  thraldom  of  book-learning  and,  relying  alone  upon  their  own 
eyes  and  their  own  judgment,  regained  what  had  been  lost,  the 
blessing  of  independent  and  unbiassed  observation.  They  spread 
the  interest  in  observation  of  nature  over  a  wide  circle  so  that  in 
the  eighteenth  century  the  number  of  independent  natural-history 
writings  had  increased  enormously.  There  were  busy  with  the 
study  of  insect  stnicture  and  development,  de  Geer.  in  Sweden, 
Keaumur  in  France,  Lyonet  in  Belgium,  Rosel  von  Kosenhof  in 
Germany;  the  latter  besides  wrote  a  monograph  on  the  indigenous 
batrachia,  which  is  still  worth  reading.  The  investigation  of  the 
infusoria  formed  a  favorite  occupation  for  the  learned  and  the  laity, 
as  Wrisberg,  von  Gleichen-Russwurm,  Schaffer,  Eichhorn,  and 
0.  F.  Muller.  In  most  of  the  writings  the  religious  character  of 
the  contemplations  of  nature  are  extraordinarily  emphasized,  and 
since  we  find  that  among  these  writers  numerous  clergymen 
(Eichhorn  in  Danzig,  Goeze  in  Quedlinburg,  Schaflfor  in  Regens- 
burg)  attained  distinction,  we  have  a  sign  that  a  reconciliation 
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had  taken  place  between  Christianity  and  natural  science.  As  a 
criterion  of  the  progress  made  in  comparison  with  the  earlier 
centuries,  a  mere  glance  at  the  illustrations  is  sufficient.  Any  one 
will  at  the  first  glance  recognize  the  difference  between  the  shabby 
di^awings  of  an  Aldrovandus  and  the  masterly  figures  of  a  Lyonet 
or  a  Rosel  von  Bosenhof . 

Period  of  Comparative  Anatomy. — Thus  through  the  zeal  of 
numerous  men  filled  with  a  love  of  nature  a  store  of  anatomical 
facts  was  collected,  which  needed  only  a  mental  reworking;  and 
this  mental  reworking  was  brought  about,  or  at  least  entered  upon, 
by  the  great  comparative  anatomists  who  lived  at  the  end  of  the 
eighteenth  and  the  beginning  of  the  nineteenth  century.  Among 
these  the  French  zoologists  Lamarck,  Savigny,  Geoffrey  St.  Hilaire, 
Guvier,  and  the  Germans  Meckel  and  Goethe  are  especially  to  be 
named. 

Correlation  of  Parts. — When  the  various  animals  were  com- 
pared with  one  another  with  reference  to  their  structure  there  was 
obtained  a  series  of  important  fundamental  laws,  particularly  the 
law  of  the  Correlation  of  Parts  and  the  law  of  the  Homology  of 
Organs.  The  former  established  the  fact  that  there  exists  a 
dependent  relation  between  the  organs  of  the  same  animal,  that 
local  changes  in  one  single  organ  also  lead  to  corresponding 
changes  at  some  distant  part  of  the  body,  and  that  therefore  from 
the  constitution  of  certain  parts  an  inference  can  be  drawn  as  to 
the  constitution  of  another  part  of  the  body.  Cuvier  particularly 
made  use  of  this  principle  in  reconstructing  the  form  of  extinct 
animals. 

Homology  and  Analogy. — Still  more  important  was  the  theory 
of  the  Homology  of  Organs.  In  the  organs  of  animals  a  distinction 
was  drawn  between  an  anatomical  and  a  physiological  character; 
the  anatomical  character  is  the  sum  of  all  the  anatomical  features, 
as  found  in  form,  structure,  position,  and  mode  of  connection  of 
organs;  the  physiological  character  is  their  function.  Anatomically 
similar  organs  in  closely  related  animals  will  usually  have  the  same 
functions,  as,  for  example,  the  liver  of  all  vertebrates  has  the 
function  of  producing  gall;  here  anatomical  and  physiological 
characteristics  go  hand  in  hand.  But  this  need  not  necessarily  be 
the  case;  very  often  it  may  happen  that  one  and  the  same  function 
is  possessed  by  organs  anatomically  different;  as,  for  example,  the 
respiration  of  vertebrates  is  carried  on  in  fishes  by  gills,  in  mammals 
by  lungs.  Conversely,  anatomically  similar  organs  may  have 
different  functions,  as  the  lungs  of  mammals  and  the  swim-bladder 
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of  fishes;  similar  organs  may  also  undergo  a  change  of  function 
from  one  group  to  another;  the  hydrostatic  apparatus  of  fishes  has 
come  to  be  the  seat  of  respiration  in  the  mammals.  Organs  with 
like  functions  —  physiologically  equivalent  organs  —  are  called 
'analogous';  organs  of  like  anatomical  constitution — ^anatomically 
equivalent  organs — are  called  'homologous/  It  is  the  task  of 
comparative  anatomy  to  discover  in  the  various  parts  of  animals 
those  which  are  homologous,  i.e.  those  anatomically  equivalent, 
and  to  follow  the  changes  in  them  conditioned  by  a  change  of 
function. 

Cuvier, — The  foremost  representative  of  comparative  anatomy 
was  Georges  Dagobert  Cuvier.  He  was  born  in  1769  in  the  town 
of  Mompelgardt  (Montbeillard),  then  belonging  to  Wurtemberg^ 
and  obtained  his  early  training  in  the  E^rlschule  at  Stuttgart, 
where,  through  the  influence  of  his  teacher  Kielmeyer,  he  was  led 
to  the  study  of  comparative  anatomy.  The  opportunity  of  going 
to  the  seashore  which  was  offered  to  him  as  private  instructor  to 
Count  d'H6ricy  he  employed  for  his  epoch-making  investigations 
upon  the  structure  of  molluscs.  In  1794,  upon  the  persuasion 
largely  of  the  man  who  afterwards  became  his  great  opponent, 
Geoffrey  St.  Hilaire,  he  moved  to  Paris,  where  he  was  made  at 
first  Professor  of  Natural  History  in  the  central  school  and  in  the 
College  of  France,  later  Professor  of  Comparative  Anatomy  in  the 
Jardin  des  Plantes.  As  a  sign  of  the  great  regard  in  which  Cuvier 
was  held,  it  should  be  noticed  that  he  was  repeatedly  intrusted  with 
high  educational  positions  and  was  made  a  French  peer.  As  such 
he  died  in  1832. 

Type  Theory. — Cuvier's  investigations,  apart  from  the  mol- 
luses,  extended  to  the  coelenterates,  arthropods,  and  vertebrates, 
living  and  fossil.  He  collected  his  extensive  observations  into  his 
two  chief  w^orks  "  Le  rt^gne  animal  distribue  d'apr^s  son  organiza- 
tion "  and  **  Legons  d'anatomie  comparee.'*  Of  quite  epoch-making 
importance  was  his  little  pamphlet  "  Sur  un  rapprochement  k  etablir 
entre  les  differentes  classes  des  animaux,''  in  which  he  founded  his 
celebrated  type  theory,  and  which  in  1812  introduced  a  complete 
reform  of  classification.  The  Cuvierian  division,  which  has  become 
the  starting-point  for  all  later  classifications,  differed,  broadly 
speaking,  from  all  the  earlier  systems  in  this,  that  the  classes  of 
mammals,  birds,  reptiles,  and  fishes  were  brought  together  into  a 
higher  grade  under  the  name,  introduced  by  Lamarck,  of  *  verte- 
brate animals';  that. further  the  so-called  'invertebrate  animals' 
were  divided  into  three  similar  grades,  each  equal  to  that  of  the 
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vertebrate  animals,  viz.,  MoUasca,  Artieulata,  and  Badiata.  Guvier 
called  these  grades  standing  above  the  classes,  provinces  or  chief 
branches  {embranchements),  for  which  later  the  name  Types  was 
introduced  by  Blainville.  But  still  more  important  are  the  differ- 
ences which  appear  in  the  structural  basis  of  the  system.  Instead 
of,  like  the  earlier  systematists,  using  a  few  external  character- 
istics for  the  division,  Cuvier  built  upon  the  totality  of  internal 
organization,  as  expressed  in  the  relative  positions  of  the  most 
important  organs,  especially  the  position  of  the  nervous  system, 
as  determining  the  arrangement  of  the  other  organs.  **The 
type  is  the  relative  position  of  parts  "  (von  Baer).  Thus  for  the 
first  time  comparative  anatomy  was  em^^loyed  in  the  formation  of 
a  natural  system  of  animals. 

Lastly  the  type  theory  established  an  entirely  new  conception 
of  the  arrangement  of  animals.  Cuvier  found  prevalent  the  theory 
that  all  animals  formed  a  single  connected  series  ascending  from 
the  lowest  infusorian  to  man;  within  this  series  the  position  of 
each  animal  was  definitely  determined  by  the  degree  of  its  organi- 
zation. On  the  other  hand  Cuvier  taught  that  the  animal  kingdom 
consisted  of  several  co-ordinated  unities,  the  types,  which  exist 
quite  independently  side  by  side,  within  which  again  there  are 
higher  and  lower  forms.  The  position  of  an  animal  is  determined 
by  two  factors:  first,  by  its  conformity  to  a  type,  by  the  structural 
plan  which  it  represents;  second,  by  its  degree  of  organization,  by 
the  stage  to  which  it  attains  within  its  type. 

Comparatiye  Embryology. — Evolution  vs.  Epigenesis. — The 
same  results  which  Cuvier  reached  by  the  way  of  comparative 
anatomy,  were  attained  two  decades  later  by  C.  E.  von  Baer  by  the 
aid  of  embryology.  Embryology  is  the  youngest  branch  of 
zoology.  What  Aristotle  really  knew,  what  was  written  by 
Fabricius  ab  Aquapendente  and  Malpighi  upon  the  embryology  of 
the  chick,  did  not  rise  above  the  range  of  aphorisms,  and  were  not 
of  sufficient  value  to  make  a  science.  The  difficulties  of  observa- 
tion, due  to  the  delicacy  and  the  minuteness  of  the  developmental 
stages,  were  lessened  by  the  invention  of  the  microscope  and 
microscopical  technique.  Further,  the  prevailing  philosophical 
conceptions  placed  hindrances  in  the  way;  there  was  no  belief  in 
Embryology  in  the  present  sense  of  the  word;  each  organism  was 
thought  to  be  laid  down  from  the  first  complete  in  all  its  parts, 
and  only  needed  growth  to  unfold  its  organs  (evohitio*) ;  eithei  the 

*  This  original  meaning  of  'evolution'  is  diflfercnt  from  tliat  prevailing 
at  present. 
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spermatozoon  must  be  the  youDg  creature  which  found  favorable 
conditions  for  growth  in  the  store  of  food  in  the  egg,  or  the  Qgg 
represents  the  individual  and  was  stimulated  to  the  '  evolutio '  by 
the  spermatozoon.  This  theory  led  to  the  doctrine  of  inclusion, 
which  taught  that  in  the  ovary  of  Eve  were  included  the  germs  of 
all  human  beings  who  have  lived  or  ever  will  live. 

Caspar  Fried  rich  Wolff  combated  this  idea  with  his  **Theoria 
generationis '^  (1769);  he  sought  to  prove  by  observation  that  the 
hen's  egg  at  the  beginning  is  without  any  organization,  and  that 
gradually  the  various  organs  appear  in  it.  In  the  embryo  there  is 
a  new  formation  of  all  parts,  an  Epigenesis.  This  first  assault 
upon  the  evolutionist  school  was  entirely  without  result,  chiefly 
because  Albrecht  von  Haller,  the  most  celebrated  physiologist  of 
the  eighteenth  century,  by  his  influence  suppressed  the  idea  of 
epigenesis.  Wolff  was  not  able  to  establish  himself  in  scientific 
circles  in  Germany,  and  was  obliged,  to  emigrate  to  Russia.  Only 
after  his  death  did  his  writings  find,  through  Oken  and  Meckel, 
proper  recognition. 

Von  Baer. — Thus  it  remained  for  Carl  Ernst  von  Baer  in  his 
classic  work,  ''Die  Entwicklung  des  Huhnchens,  Beobachtung 
und  Reflexion  "  (1832),  to  establish  embryology  as  an  independent 
study.  Baer  confirmed  Wolff^s  doctrine  of  the  appearance  of 
layerlike  Anlagen,  from  which  the  organs  arose;  and  on  account 
of  the  accuracy  with  which  he  proved  this  he  is  considered  the 
founder  of  the  germ-layer  theory.  Further,  he  came  to  the  con- 
clusion that  each  type  had  not  only  its  peculiar  structural  plan, 
but  also  its  peculiar  course  of  development;  that  for  vertebrates 
an  evolutio  bigemina  was  characteristic,  for  the  articulates  the 
evolutio  gemina,  for  the  molluscs  the  evolutio  contorta,  and  for 
the  radiates  the  evolutio  radiata.  Here  we  meet  for  the  first  time 
the  idea  that  for  the  correct  solution  of  the  questions  of  relation- 
ship of  animals,  and  therefore  a  basis  for  a  natural  classification, 
comparative  embryology  is  indispensable;  an  idea  which  in  recent 
years  has  proved  exceedingly  fruitful. 

Cell  Theory. — Of  fundamental  importance  for  the  further 
growth  of  comparative  anatomy  and  embryology  was  the  proof 
that  all  organisms,  as  well  as  their  embryonic  forms,  were  com- 
posed of  the  same  elements,  the  cells.  This  knowledge  is  the 
quintessence  of  the  cell  theory,  which  during  the  third  decade  of 
the  last  century  was  advanced  by  Schleiden  and  Schwann,  and 
which  two  decades  later  was  completely  remodelled  by  the  proto- 
plasm theory  of  Max  Schultze.     In  the  cell  theory  a  simple  prin- 
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ciple  of  organization  was  found  for  all  living  creatures,  for  highly 
and  for  lowly  organized  plants  and  animals,  and  the  wide  realm  of 
histology  was  laid  open  for  scientific  treatment. 

REFORM  OP  THE  SYSTEM. 

Foundation  of  Modem  Zoology. — With  the  establishment  of 
comparative  anatomy  and  embryology  and  the  application  of  these 
to  classification,  and  with  the  development  of  the  cell  theory  and 
of  histology,  which  is  connected  with  it,  we  may  say  that  the 
foundation  of  zoology  was  laid.  Wonderful  advances  were  made 
in  vertebrate  anatomy  by  the  classic  researches  of  Owen,  Johannes 
Miiller,  Rathke,  Gegenbaur,  and  others;  our  conceptions  of  organ- 
ization have  been  completely  altered  by  the  work  of  Dujardin, 
Max  Schultze,  Haeckel,  and  others,  who  have  proved  the  unicellu- 
larity  of  the  lowest  animals.  The  germ -layer  theory  was  further 
elaborated  by  Remak  and  Kolliker;  and  applied  to  the  invertebrate 
animals  by  Kowalewsky,  Haeckel,  and  Huxley.  It  is  beyond  the 
limits  of  this  brief  historical  summary  to  go  into  what  has  been 
accomplished  in  regard  to  the  other  branches  of  the  animal  king- 
dom; it  must  here  be  sufficient  to  mention  the  most  important 
changes  which  the  Cuvierian  system  has  undergone  under  the 
influence  of  increasing  knowledge. 

The  Division  of  the  Radiata. — Of  the  four  types  of  Cuvier  the 
branch  Radiata  was  undoubtedly  the  one  of  whose  representatives 
he  had  the  least  knowledge;  it  was  therefore  the  least  natural, 
since  it  comprised,  besides  the  radially  symmetrical  coelenterates 
and  echinoderms,  other  forms,  which,  like  the  worms,  were 
bilaterally  symmetrical,  or,  like  many  infusorians,  were  asym- 
metrical. Thus  it  came  about  that  most  reforms  have  here  found 
their  point  of  attack. 

C.  Th,  von  Siebold  was  the  originator  of  the  first  important 
reform.  He  limited  the  type  Radiata,  or,  as  he  termed  them,  the 
Zoophytes,  to  those  animals  with  radially  symmetrical  structure 
(Echinoderms  and  the  Plant-animals) ;  separating  all  the  others, 
he  formed  of  the  unicellular  organisms  the  branch  of  *  primitive 
animals^  or  Protozoa;  the  higher  organized  animals  he  grouped 
together  as  worms  or  Vermes;  at  the  same  time  he  transferred  a 
part  of  the  Articulata,  the  annelids,  to  the  worm  group,  and  pro- 
posed for  the  other  articulates,  crabs,  millipedes,  spiders,  and 
insects,  the  term  Arthropoda. 

Leuckarty  about  the  same  time   (1848),  divided  the  branch 
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Sadiata  into  two  branches  differing  greatly  in  stracture.  The 
lower  forms,  in  which  no  special  body-cavity  is  present,  the 
interior  of  the  body  consisting  only  of  a  system  of  cavities  serving 
for  digestion,  the  alimentary  canal,  he  called  the  Goelentera 
(essentially  the  Zoophyta  of  the  older  zoologists) ;  to  the  rest,  in 
which  the  alimentary  canal  and  the  body-cavity  occur  as  two 
separate  cavities,  he  gave  the  name  Echinoderma. 

The  Present  System. — Thus  there  resulted  seven  classes: 
Protozoa,  Coelentera,  Echinoderma,  Vermes,  Arthropoda,  Mol- 
lusca,  and  Vertebrata.  Still  this  arrangement  does  not  meet  the 
requirements  of  a  natural  system  and  hence  is  more  or  less  unsat- 
isfactory. Some  zoologists  are  returning  to  the  Guvierian  classifi- 
cation to  the  extent  of  uniting  the  segmented  worms  with  the 
arthropods  in  a  group  Articulata.  Upon  the  ground  of  important 
anatomical  and  embryological  characters  the  Brachiopoda,  the 
Bryozoa,  and  the  Tunicata  have  been  separated  from  the  MoUusca;. 
they  form  the  subject  of  diverse  opinions.  The  relationships  ot 
the  first  two  groups  have  not  yet  been  settled :  of  the  Tunicata  we 
know  indeed  that  they  are  related  to  the  Vertebrata,  but  the 
differences  are  such  that  they  cannot  be  included  in  that  group. 
The  only  way  out  of  the  difficulty  is  to  unite  vertebrates,  tunicates^ 
and  some  other  forms  in  a  larger  division,  Chordata.  The  Vermes, 
too,  must  be  divided,  as  will  appear  in  the  second  part  of  this 
volume. 

HISTORY   OP  THE  THEORY   OP  EVOLUTION. 

Importance  of  the  Subject. — Before  closing  the  historical  intro- 
duction we  must  consider  the  historical  development  of  a  question 
whose  importance  might,  on  a  superficial  examination,  be  under- 
rated, but  which  from  a  small  beginning  has  grown  into  a  problem 
completely  dominating  zoological  research,  and  has  occupied  nob 
only  zoologists,  but  all  interested  in  science  generally.  This  is  the 
question  of  the  logical  value  of  the  systematic  conceptions  species, 
genus,  family,  etc. 

The  Nature  of  Species. — In  nature  we  find  only  separate 
animals:  how  comes  it  that  we  classify  them  into  larger  and  smaller 
groups  ?  Are  the  single  species,  genera,  and  the  other  divisions 
which  the  systematist  distinguishes,  fixed  quantities,  as  it  were 
fundamental  conceptions  of  nature,  or  a  Creator's  thoughts,  which 
find  expression  in  the  single  forms?  Or  are  they  abstractions 
which  man  has  brought  into  nature  for  the  purpose  of  making  it 
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'Comprehensible  to  his  mental  capabilities  ?  Are  the  specific  and 
generic  names  only  expressions  which  have  become  necessary,  from 
the  nature  of  our  mental  capacity,  for  the  gradation  of  relation- 
ship in  nature,  which  in  and  for  themselves  are  not  immutable, 
and  hence  can  undergo  a  gradual  change  ?  Practically  speaking, 
the  problem  reads :  are  species  constant  or  changeable  ?  What  is 
true  for  species  must  necessarily  be  true  for  all  other  categories  of 
the  system,  all  of  which  in  the  ultimate  analysis  rest  upon  the 
conception  of  species. 

Ray's  Conception  of  Species. — One  of  the  first  to  consider  the 
conception  of  species  was  LinnaBus's  predecessor,  the  Englishman 
John  Bay.  In  the  attempt  to  define  wliat  should  be  understood 
as  a  species  he  encountered  difficulties.  In  practice,  animals  which 
differ  little  in  structure  and  appearance  from  one  another  are 
ascribed  to  the  same  species;  this  practical  procedure  cannot  bo 
carried  out  theoretically;  for  there  are  males  and  females  within 
the  same  species  which  differ  more  from  one  ahother  than  do  the 
representatives  of  different  species.  Thus  John  Ray  reached  the 
genetic  definition  when  he  said:  for  plants  there  is  no  more 
certain  criterion  of  specific  unity  than  their  origin  from  the  seeds 
of  specifically  or  individually  like  plants;  that  is  to  say,  generalized 
for  all  organisms :  to  one  and  the  same  species  belong  individuals 
which  spring  from  similar  ancestors. 

The  <  Cataclysm  Theory.'— With  Ray's  definition  an  entirely 
uncontrollable  element  was  brought  into  the  conception  of  species, 
since  no  systematist  usually  knew  anything,  nor  indeed  could  he 
know  anything,  as  to  whether  the  representatives  of  the  species 
placed  before  him  sprang  from  similar  parents.  It  was  therefore 
only  natural  that  the  conception  of  species  put  on  a  religious  garb, 
since  by  resting  upon  theological  ideas  it  found  a  firmer  support. 
Linnaeus  said:  ''Tot  sunt  species  quot  nb  initio  creavit  infinitum 
Ens'';  with  this  he  built  up  a  conception  of  species  upon  the 
tradition  of  the  Mosaic  history  of  creation,  a  procedure  quite 
unjustified  upon  grounds  of  natural  science,  since  it  drew  one  of 
its  fundamental  ideas  from  transcendental  conceptions,  not  from 
the  experience  of  natural  science.  Linnaeus's  definition  showed 
itself  untenable,  as  soon  as  paleontology  began  to  make  accessible 
a  vast  quantity  of  extinct  animals  deposited  as  fossils.  With  an 
•odd  fancy,  the  fossils,  being  inconvenient  for  study,  were  for  a 
long  time  regarded  as  outside  the  pale  of  scientific  research.  They 
might  be  sports  of  nature,  it  was  said,  or  remains  of  the  Flood,  or 
of  the  influence  of  the  stars  upon  the  earth,  or  products  of  an  aura 
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seminahSy  a  fertilizing  breath,  which,  if  it  fell  upon  organic  bodies^ 
led  to  the  formation  of  animals  and  plants,  but  if  it  strayed  upon 
inorganic  materials  gave  rise  to  fossils.  The  foundation  of 
scientific  paleontology  by  Cuvier  put  an  end  to  such  empty  specu- 
lations. Cuvier  proved  beyond  a  doubt  that  these  fossils  were  the 
remains  of  animals  of  a  previous  time.  Just  as  the  formation  of 
the  earth's  crust  by  successive  overlying  layers  made  possible  the 
recognition  of  different  periods  in  the  earth's  history,  so  paleon- 
tology taught  how  to  recognize  also  the  different  periods  in  the 
vegetable  and  animal  world  of  life  on  our  globe.  Each  geological 
age  was  characterized  by  a  special  world  of  animals  quite  peculiar 
to  it;  and  these  animal  worlds  differed  the  more  from  the  present, 
the  older  the  period  of  the  earth  to  which  they  belonged.  All 
these  generalizations  led  Cuvier  to  his  cataclysm  theory,  that  a 
great  revolution  brought  each  period  of  the  earth's  history  to  an 
end,  destroying  all  life,  and  that  upon  the  newly  formed  virgin 
earth  a  new  organic  world  of  immutable  species  sprang  up. 

Objections  to  the  Cataclysm  Theory. — By  the  supposition  of 
numerous  acts  of  creation  the  Linnean  conception  of  species 
seemed  to  be  rescued,  though,  to  be  sure,  by  summoning  to  its  aid 
hypotlieses  which  had  neither  foundation  in  science  nor  justifica- 
tion in  theology.  The  logical  results  of  Cuyier's  cataclysm  theory 
were  conceptions  of  a  Creator  who  built  up  an  animal  world  only 
for  the  purpose  of  destroying  it  after  a  time  as  a  troublesome  toy; 
it  has  therefore  at  no  time  found  warm  supporters,  at  least  among 
geologists,  for  whom  it  was  intended.  Of  the  prominent  zoologists 
there  is  only  to  be  mentioned  Louis  Agassiz,  who  till  the  end  of 
his  life  remained  faithful  to  this  theory. 

Under  these  conditions  it  is  readily  understood  how  thinking 
naturalists,  who  felt  the  necessity  of  explaining  the  character  of 
organic  nature  simply  and  by  a  natural  law  capable  of  general 
application,  began  to  doubt  the  fixity  of  species,  and  were  led  to 
the  theory  of  change  of  form,  the  Theory  of  Descent,  or  Evolution. 

Darwin's  Predecessors. — Even  in  Cuvier's  time  there  prevailed 
a  strong  current  in  favor  of  this  theory.  It  found  expression  iu 
England  in  the  writings  of  Erasmus  Darwin  (grandfather  of  the 
renowned  Charles  Darwin);  in  Germany  in  the  works  of  Goethe, 
Oken,  and  the  disciples  of  the  '  natural  philosophical '  school;  in 
France  the  genealogical  theory  was  developed  particularly  by 
Buffon,  Geoffroy  St.  Hilaire,  and  Lamarck.  Its  completest  ex- 
pression was  found  in  Lamarck's  **  Philosophic  zoologique"  (1809);. 
its  arguments  will  be  considered  in  the  following  paragraphs. 
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Lamarck  (Jean  Baptiste  de  Monet,  Chevalier  de  Lamarck, 
born  in  Picardy,  1744,  died.  Professor  at  the  Jardin  des  Plantes, 
1829)  taught  that  on  the  earth  at  first  organisms  of  the  simplest 
structure  arose  in  the  natural  way  through  spontaneous  generation 
from  non-living  matter.  From  these  simplest  living  creatures  have 
developed,  by  gradual  changes  in  the  course  of  an  immeasurably 
vast  space  of  time,  the  present  species  of  plants  and  animals, 
without  any  break  in  the  continuity  of  life  upon  our  globe;  the 
termhial  point  of  this  series  is  man;  the  other  animals  are  the 
•descendants  of  those  forms  from  which  man  has  developed. 
Lamarck,  in  accordance  with  the  then  prevailing  conceptions, 
Tegarded  the  animal  kingdom  as  a  single  series  grading  from  the 
lowest  primitive  animal  up  to  man.  Among  the  causes  which  may 
influence  the  change  and  perfecting  of  organisms,  Lamarck 
emphasized  particularly  use  and  disuse;  the  giraffe  has  obtained  a 
long  neck  because  by  a  special  condition  of  life  he  was  compelled 
to  stretch,  in  order  to  browse  the  leaves  on  high  trees ;  conversely, 
the  eyes  of  animals  which  live  In  the  dark  have  degenerated  from 
lack  of  use  into  functionless  structures.  The  direct  influence  of 
the  external  world  must  be  unimportant;  the  changes  in  the  sur- 
roundings (Geoffrey  St.  Hilaire's  le  nionde  ambient)  must  for  the 
most  part  act  indirectly  upon  animals  by  altering  the  conditions 
for  the  use  of  organs. 

Evolution  vs.  Creation. — Lamarck's  ingenious  work  remained 
almost  unnoticed  by  his  contemporaries.  On  the  other  hand  there 
arose  a  violent  controversy  between  the  defenders  and  the 
opXionents  of  the  evolution  theory  when  [1830]  Geoffroy  St.  Hilaire 
in  a  debate  in  the  Academy  at  Paris  defended  against  Guvier  the 
thesis  of  a  near  relationship  of  the  vertebrates  and  the  insects,  and 
aet  up  the  proposition  that  the  latter  were  *' vertebrates  running 
on  their  backs."  The  conflict  ended  in  the  complete  overthrow  of 
the  theory  of  evolution;  the  defeat  was  so  complete  that  the 
problem  vanished  for  a  long  time  from  scientific  discussion,  and 
the  theory  of  the  fixity  of  species  again  became  dominant.  This 
error  was  occasioned  by  many  causes.  Above  all,  the  theory  of 
Geoffroy  St.  Hilaire  and  Lamarck  was  rather  a  clever  conception 
than  founded  on  abundant  facts;  besides,  it  had  in  it  as  a  funda- 
mental error  the  doctrine  of  the  serial  arrangement  of  the  animal 
world.  Opposed  to  this  stood  Cuvier's  great  authority  and  his 
extensive  knowledge,  the  latter  making  it  easy  for  him  to  show 
that  the  animal  kingdom  was  made  up  of  separate  co-ordinated 
groups,  the  types. 
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Lyell. — In  the  same  year  in  which  Cuvier  obtained  his  victory 
over  Geoffrey  St.  Hilaire,  his  theory  of  the  succession  of  numerous 
animal  worlds  upon  the  globe  received  its  first  destructive  blow. 
Cuvier's  cataclysm  theory  liad  two  sides,  a  geological  and  a 
biological.  Cuvier  denied  the  continuity  of  the  various  terrestrial 
periods,  as  well  as  the  continuity  of  the  fauna  and  flora  belonging 
to  them.  In  1830-32  appeared  the  **  Principles  of  Geology"  by 
Lvell.  an  epoch-making  work,  which,  in  the  realm  of  geology, 
completely  set  aside  the  cataclysm  theory.  Lyell  proved  that  the 
supposition  of  violf^nt  revolutions  on  the  earth  was  not  necessary 
in  order  to  explain  the  changes  of  the  earth's  surface  and  the 
superposition  of  its  strata;  that  rather  the  constantly  acting 
forces,  elevations  and  depressions,  the  erosive  action  of  water,  be 
it  as  ebb  and  flow  of  the  tide,  as  rain,  snow,  or  ice,  or  as  the  flow 
of  rivers  and  brooks  rushing  as  torrents  towards  the  sea,  are  suffi- 
cient to  furnish  a  complete  explanation.  Very  gradually  in  the 
course  of  a  vast  space  of  time  the  earth's  surface  has  changed,  and 
passed  from  one  period  into  the  next,  and  still  at  the  present  day 
the  constant  process  of  change  is  going  on.  The  continuity  in  the 
geological  history  of  the  earth,  here  postulated  for  the  first  time, 
has  since  then  become  one  of  the  fundamental  axioms  of  Geology; 
on  the  other  hand  the  discontinuity  of  living  creatures,  although 
the  geological  support  of  this  was  frail,  was  for  a  long  time 
regarded  as  correct. 

Darwin. — It  is  the  great  merit  of  Charles  Darwin  that  he  took 
up  the  theory  of  descent  anew  after  it  had  rested  a  decade,  and 
later  brought  it  into  general  recognition.  With  this  began  the 
most  important  period  in  the  history  of  zoology,  a  period  in  which 
the  science  not  only  made  such  an  advance  as  never  before,  but 
a]£o  began  to  obtain  a  permanent  infiuence  upon  the  general  views 
of  men. 

Charles  Darwin  was  born  at  Shrewsbury,  Eng.,  in  1809.  After 
studying  at  the  universities  of  Edinburgh  and  Cambridge,  he  joined 
as  naturalist  the  English  war-ship  **  Beagle."  In, its  voyage  from 
1831  to  36  around  the  globe,  Darwin  recognized  the  peculiar 
character  of  island  faunas,  particularly  of  the  Galapagos  Islands, 
and  the  remarkable  geological  succession  of  edentates  in  South 
America ;  these  facts  formed  for  him  the  germ  of  his  epoch-making 
theory.  Further  results  of  this  journey  were  his  beautiful  mono- 
graph on  the  Cirripedia,  and  the  classic  investigation  of  coral-reefs. 
After  his  return  to  England  Darwin  lived,  entirely  devoted  to 
scientific  work,  chiefly  in  the  hamlet  of  Down,  county  Kent,  up 
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to  the  time  of  his  death  in  1882.  He  was  incessantly  busy  in 
developing  his  conception  of  the  origin  of  species,  and  in  collect- 
ing for  this  a  constantly  increasing  array  of  facts.  The  first 
written  notes,  the  fundamental  ideas  of  which  he  communicated 
to  friends,  particularly  the  geologist  Lyell  and  the  botanist 
Hooker,  were  made  in  1844,  but  the  author  was  not  persuaded  to 
give  them  publicity.  Not  until  1858  did  Darwin  decide  to  make 
his  first  contribution  to  science.  In  this  year  he  received  an  essay 
sent  by  the  traveller  Wallace,  which  in  its  most  important  points 
coincided  with  his  own  views.  At  the  same  time  with  Wallace's 
manuscript  an  abstract  of  Darwin's  theory  was  published.  In  the 
next  year  (1859)  appeared  the  most  important  of  his  writings, 
**0n  the  Origin  of  Species  by  means  of  Natural  Selection,"  and 
in  rapid  succession  a  splendid  series  of  works,  the  fruit  of  many 
years  of  preparatory  labors.  For  the  history  of  the  theory  the 
most  important  of  these  are:  (1)  **Upon  the  Variation  of  Plants 
and  Animals  under  Domestication,''  two  volumes,  which  chiefly 
contain  a  collection  of  material  for  proofs;  (2)  on  **The  Descent 
of  Man,"  a  work  which  gives  the  application  of  the  theory  to  man. 

No  scientific  work  of  this  century  has  attracted  so  much  atten- 
tion in*  the  zoological,  we  may  even  say  in  the  whole  educated 
world,  as  **The  Origin  of  Species."  It  was  generally  received  us 
something  entirely  new,  so  completely  had  the  scientific  tradition 
been  lost.  In  professional  circles  it  was  stoutly  combated  by  one 
faction,  with  another  it  found  well-wishing  but  hesitating  accept- 
ance. Only  a  few  men  placed  themselves  from  the  beginning  in 
a  decided  manner  on  the  side  of  the  great  British  investigator. 
There  was  a  lively  scientific  battle,  which  ended  in  a  brilliant  vic- 
tory for  the  theory  of  evolution.  At  the  present  time  all  our 
scientific  thoughts  are  so  permeated  with  the  idea  of  evolution  that 
we  can  scarcely  speak  of  any  considerable  opposition  to  it. 

Post-Darwinian  Writers. — Among  the  men  M'ho  have  most 
influenced  this  rapid  advance  is  to  be  mentioned,  besides  A.  R. 
Wallace,  the  co-founder  of  Darwinism,  above  all  Ernst  Haeckel, 
who  in  his  *' General  Morphology"  and  his  *'  Natural  History  of 
Creation"  has  done  much  towards  the  extension  of  the  theory. 
Among  other  energetic  defenders  of  the  theory  in  Germany  should 
be  mentioned  Fritz  Miiller,  Carl  Vogt,  Weismann,  Moritz  Wagner, 
and  Nageli,  even  if  they  have  taken  special  standpoints  in  refer- 
ence to  the  causes  conditioning  the  changes  of  form.  Among  the 
English  naturalists  are  to  be  named  particularly  Huxley,  Hooker, 
and  Lyell.     In  America  Gray,  Cope,  and  Hyatt  were  early  sup- 
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porters.      Darwinism  was  long  in   obtaining  an  entrance  into 
France. 

DARWIN'S  THEORY   OP  THE   ORIGIN   OP  SPECIES. 

Before  Darwin  wrote  the  idea  of  fixity  of  species  prevailed 
among  systematists.  It  was  recognized  that  all  the  individuals  of 
a  species  are  not  alike,  and  that  more  or  less  pronoanced  variability 
occnrsy  so  that  it  was  possible  to  distiogaish  races  and  varieties 
within  the  species^  but  it  was  believed  that  the  variations  never 
transcended  specific  bounds. 

The  Problem  Stated. — Darwin  begins  with  a  criticism  of  the 
term  species.  Is  the  conception  of  species  on  the  one  side  and 
that  of  race  and  variety  on  the  other  something  entirely  different  ? 
Are  there  special  criteria  for  determining  beyond  the  possibility 
of  a  doubt  whether  in  a  definite  case  we  have  to  do  with  a  variety 
of  a  species  or  with  a  different  species  ?  or  do  the  conceptions  in 
nature  pass  into  one  another  ?  Are  species  varieties  which  have 
become  constant,  and  precisely  in  the  same  manner  are  varieties 
species  in  the  process  of  formation  ? 

Morphological  Characters. — A.  Disiincliofi  between  Species  and 
Variety, — Por  the  settlement  of  this  fundamental  question  morpho- 
logical and  physiological  characters  can  be  considered.  In  the 
practice  of  the  systematists  usually  the  morphological  characters 
prevail  exclusively;  for  that  reason  they  will  be  here  considered 
first.  If,  among  a  great  number  of  forms  similar  to  one  another, 
two  groups  can  be  adduced  which  differ  considerably  from  one 
another,  if  the  difference  between  them  be  obliterated  by  no  inter- 
mediate forms,  and  if  in  several  successive  generations  they 
remain  constant,  then  the  systematist  speaks  of  a  <  good  species '  ; 
on  the  other  hand  he  speaks  of  varieties  of  the  same  species  when 
the  differences  are  slight  and  inconstant,  and  when  they  lose  their 
importance  through  the  existence  of  intermediate  forms.  A 
definite  application  of  this  rule  discloses  great  incongruities,  many 
animal  and  vegetable  groups  being  regarded  by  one  set  of  systema- 
tists as  good  species,  by  another  only  as  *  sports,'  Le.,  as  varieties 
of  the  same  species.  The  differences  between  the  *  sports '  of  our 
domestic  animals  are  in  many  instances  so  considerable  that 
formerly  they  were  regarded  not  only  as  sufficient  for  the  founda- 
tion of  good  species,  but  even  of  genera  and  families.  In  the 
fantail  pigeon  the  number  of  tail-feathers,  formerly  only  12-14, 
has  increased  to  30-42  (fig.  Ic) ;  among  the  other  races  of  pigeons 
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enormous  variations  are  found  in  the  size  of  the  beak  and  feet  in 
oompariaon  with  the  rest  of  the  body  {figs,  1a,  1b);  even  the 
skeleton  itself  oarticipates  in  this  variation,  as  is  shown  by  the  fact 
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Flo.  IB.— EDgllab  tiimbler-pls«oii.    (After  Darwin.) 

that  the  total  number  of  vertebne  varies  from  38  (in  the  carrier- 
pigeon)  to  43  (in  the  pouter),  the  number  of  sacral  vertebra  from 
14  to  11. 

B.  Variation  within  the  Species. — Now  in  respect  to  the  occur- 
rence of  transitional  forms  and  the  constancy  of  differences,  there 
is  within  one  and  the  same  '  good  species'  the  greatest  conceivable 
difference.     In  many  very  variable  species  the  extremes  are  united 


mSTOHT  OF  ZOOLOGY.  27 

by  many  traneitioiiB ;  in  other  coBes  sharply  circumscribed  groups 
of  forms,  or  racee,  can  be  distinguished  within  the  same  species. 
In  the  race,  the  peculiar  characteristics  are  inherited  from  genera- 
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tion  to  generation  with  the  same  constancy  as  in  good  epecies. 
This  is  shown  in  the  human  races,  and  in  many  pure,  cultivated 
Tscee  of  domesticated  animala 

Philological  Characters — A.  Crossing  of  Species  and  Vtirie- 
ties. — A  critical  examination  leads  to  the  conclusion  that  Mor- 
phology is  indeed  useful  for  grouping  animala  into  species  and 
Tarieties,  but  that  it  leaves  us  completely  in  the  lurch  when  it  is 
called  upon  to  show  the  distinctions  between  what  should  be  called 
a  species  and  what  a  variety.  Therefore  there  remains  open  to 
the  systematist  only  one  resource,  i.e.,  to  summon  Physiology 
to  his  aid.  This  has  been  done,  and  it  has  disclosed  considerable 
distinctions  in  reproduction.  We  should  expect  a  priori  that  the 
individuals  of  different  species  would  not  reproduce  with  each 
other;  on  the  other  hand  under  normal  conditions  the  individuals 
of  one  and  the  same  species,  even  though  they  are  of  different 
varieties  or  races,  should  be  entirely  fertile.  One  must  beware  of 
arguing  in  a  circle  in  proof  of  these  two  propositions;  it  would  be 
an  argument  in  a  circle  if  an  experimenter  should  regard  two 
animals  as  representatives  of  one  species  only  because  they  proved 
to  be  fertile  together,  while  under  their  former  relations  he 
assigned  them  to  different  species.  Rather  the  question  for  him 
must   read:    does  physiological   experiment    lead    to    the  same 
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systematic  distinctions  as  does  the  common  systematic  experience, 
viz.,  the  depreciation  of  constancy  and  the  divergence  of  distin- 
guishing characters  ? 

B.  The  Intercrossing  of  Species. — This  field  is  as  yet  far  from 
being  sufficiently  investigated  experimentally;  yet  some  general 
propositions  can  be  set  up:  (1)  that  not  a  few  so-called  ^good 
species^  can  be  crossed  with  one  another;  (2)  that  in  general  the 
difficulty  of  crossing  increases,  the  more  distant  the  systematic 
relationship  of  the  species  used;  (3)  that  these  difficulties  are  by 
no  means  directly  proportional  to  the  systematic  divergence  of  the 
species.  The  most  favorable  material  for  research  is  furnished  by 
those  animals  in  which  artificial  fertilization  can  be  carried  out, 
i.e.,  of  which  one  can  take  the  eggs  and  spermatozoa  and  mix 
them  independently  of  the  will  of  the  animals.  Thus  hybrids 
have  been  obtained  from  species  which  belong  to  quite  different 
genera,  while  very  often  nearly-related  species  will  not  cross. 
Among  fishes  we  know  hybrids  of  Abramis  brama  and  Blicca 
bjorkna^  of  Tniita  salar  (salmon)  and  Trnttafario  (trout);  among 
sea-urchins  the  spermatozoa  of  Strongylocentrotus  lividus  fertilize 
with  great  readiness  the  eggs  of  Echinus  tnicrotuberculaius,  but 
only  rarely  the  eggs  of  Sphcsrechinus  gramilaris,  which  is  nearer 
in  the  system.  It  also  happens  that  crossing  in  one  direction 
(male  of  A  and  female  of  B)  is  easily  accomplished,  but  in  the 
other  direction  (male  of  B  and  female  of  A)  it  completely  fails;  as, 
for  example,  the  sperm  of  Strongylocentrotus  lividus  fertilizes  well 
the  eggs  of  Echinus  microiuberculatus,  but,  conversely,  the  sperm 
of  E.  microtuberculatus  does  not  fertilize  the  eggs  of  S,  lividus. 
Even  better  known  is  the  fact  that  salmon  eggs  are  fertilized  by 
trout  sperm  but  not  trout  eggs  by  salmon  sperm.  Eggs  have  been 
fertilized  by  sperm  belonging  to  different  families,  orders,  and 
possibly  classes.  Eggs  of  Pleuronectes  platessa  and  Labrus  rvpestris 
by  sperm  of  the  cod  {Gadus  morrhua),  frogs'  eggs  {Rana  arvalis) 
by  sperm  of  two  species  of  Triton,  eggs  of  a  starfish  {Aster ias 
forbesi)  by  milt  from  a  sea-urchin,  Arbacia  ptistulosa  (??).  In 
these  extreme  cases,  it  is  true,  the  hybrids  die  during  or  at  the 
close  of  segmentation,  before  the  embryo  is  outlined. 

In  the  case  of  animals  where  copulation  is  necessary  the  diffi- 
culties of  experimentation  increase,  since  here  often  between  males 
and  females  of  different  species  there  exists  an  aversion  which 
prevents  any  union  of  the  sexes.  Yet  in  this  case  we  know  crosses 
of  different  species;  among  the  vertebrates  crossing  takes  place, 
e.g.,  between  the  horse  and  the  ass;  our  domestic  cattle  and  the 
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zebu;  ibex  (or  wild  buck)  and  she-goat;  sheep  and  goats;  dog  and 
jackal;  dog  and  wolf;  hare  and  rabbit  (Leptis  darwini);  American 
bison  and  domestic  cattle;  etc.;  among  birds,  between  different 
species  of  finches  and  of  grouse;  mallard  {Anas  boschas)  and  the 
pintail  duck  {Dqfila  acuta) ;  the  European  goose  and  the  Chinese 
goose  (Arifter  ferns  and  A,  cygnoides).  Among  the  insects, 
especially  the  Lepidoptera,  the  cases  are  many,  but  the  resulting 
eggs  produce  larvae  of  slight  vital  force  only  in  the  case  of  Actias 
luna  and  A,  isabellce. 

C.  Fertility  of  Hybrids  and  Mongrels. — Since  many  hybrids, 
as  the  mule,  have  been  known  for  thousands  of  years,  the  criterion 
is,  as  it  were,  pushed  back  one  stage;  if  the  infertility  in  cases  of 
crosses  in  many  species  is  not  immediately  noticeable,  yet  it  may 
be  apparent  in  the  products  of  the  cross.  While  the  products  of 
the  crossing  of  varieties,  the  ^  mongrels,'  always  have  a  norma], 
often  an  increased,  fertility,  the  products  of  the  crossing  of 
species,  the  hybrids,  should  always  be  sterile.  But  even  this  is 
a  rule,  not  a  law.  The  mule  (which  only  very  rarely  reproduces) 
and  many  other  hybrids  are  indeed  sterile,  but  there  are  not  a  few 
exceptions,  although  the  number  of  experiments  in  reference  to 
this  point  is  very  small.  Hybrids  of  hares  and  rabbits  have  con- 
tinued fruitful  for  generations;  the  same  is  true  of  hybrids 
obtained  from  the  wild  buck  and  the  domesticated  she-goat ;  from 
Anser  cygnoides  and  A.  doinesticus;  from  Salnio  salvelinus  and 
X  fontinalis;  Cyprinus  carpio  and  Carassius  vulgaris;  Bombyx 
cynihia  and  B.  arrindia, 

D.  Inbreeding, — Even  the  second  of  the  above  statements,  that 
individuals  of  a  species,  provided  they  are  sound,  always  reproduce 
with  one  another,  needs  limitation.  Breeders  of  animals  have  long 
known  the  disastrous  consequences  of  inbreeding — that  the  repro- 
ductive power  is  reduced  even  to  sterility  if,  for  breeding, 
descendants  of  a  single  pair  be  continually  chosen.  Darwin  has 
collected  not  a  few  cases  where  undoubted  members  of  the  same 
species  have  been  completely  sterile  with  one  another;  as  certain 
forms  of  primrose  and  other  di-  and  tri-morphic  species.  Exam- 
ples of  the  sterility  of  mongrels  are  known  only  in  botany  (certain 
varieties  of  maize  and  mullein). 

Conditions  Governing  Fertility  in  Sexual  Reproduction. — 
WTien  we  look  over  these  facts  it  would  seem  as  if  continued 
fertility  in  sexual  reproduction  were  guaranteed  by  a  not  too  con- 
siderable difference  in  the  sexual  products.  Too  great  similarities, 
as  these  exist  in  inbreeding,  and  too  great  differences,  as  in  the 
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hybridization  of  different  species,  are  injurious  and  are  abhorred 
by  Nature.  Sexual  reproduction  possesses  an  optimum;  if  this  be 
departed  from  in  either  direction,  diminution  gradually  follows. 
But  for  that  reason  it  has  already  been  said  that  here  gradual  and 
not  primary  differences  exist,  and  therefore  this  character  cannot 
be  employed  as  a  primary  distinction  between  species  and  varieties. 

Difficulties  in  Classification.— The  final  result  of  all  this  dis- 
cussion may  be  summed  up  as  follows:  up  to  the  present  time, 
neither  by  physiological  nor  by  morphological  evidence  has  there 
been  successfully  fixed  in  a  clear  and  generally  applicable  way  a 
criterion  which  can  guide  the  systematist  in  deciding  whether 
certain  series  of  forms  are  to  be  regarded  as  good  species  or  as 
varieties  of  a  species.  Zoologists  are  guided  rather  in  practice  by 
a  certain  tact  for  classification,  which,  however,  in  difficult  cases 
leaves  them  in  the  lurch,  and  thus  the  opinions  of  various  investi- 
gators vary. 

Change  of  Varieties  into  Species. — The  conditions  above  dis- 
cussed find  their  natural  explanation  in  the  assumption  that  sharp 
distinctions  between  species  and  variety  do  not  exist;  that  species 
are  varieties  which  have  become  constant^  and  varieties  are  incipient 
species.  The  meaning  of  the  above  can  be  made  clear  by  explana- 
tion of  a  concrete  case.  Individuals  of  a  species  begin  to  vary, 
i.e.,  compared  with  one  another  they  attain  a  greater  or  less 
difference  in  character.  So  long  as  the  extreme  differenees  are 
bridged  by  transitional  forms  we  speak  of  varieties  of  a  species; 
if,  on  the  other  hand,  the  intermediate  transitions  have  died  out,, 
and  the  differences  have  in  the  course  of  a  long  space  of  time 
become  fixed,  and  so  very  much  intensified  that  a  sexual  union  of 
the  extreme  forms  results  either  in  complete  sterility  or  at  least  in 
a  marked  tendency  towards  sterility,  then  we  speak  of  different 
species. 

Species  may  be  Related  to  each  other  in  Unequal  Degrees. — 
In  favor  of  this  view,  that  varieties  will  in  longer  time  become 
species,  is  the  great  agreement  which  in  the  large  majority  of 
cases  exists  between  the  two.  In  genera  which  comprise  a  remark- 
able number  of  species,  the  species  usually  show  also  many 
varieties;  the  species  are  then  usually  grouped  in  sub-genera,  i.e., 
they  are  related  to  each  other  in  unequal  degrees,  since  they  form 
small  groups  arranged  around  certain  species.  In  regard  to  the 
varieties  also  the  case  is  similar.  In  such  genera  the  formation  of 
species  is  in  active  progress;  but  each  species  formation  presup- 
poses a  high  degree  of  variability. 
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Phylogeny. — It  is  now  clear  that  what  has  here  been  worked 
out  in  the  case  of  the  species  must  also  apply  to  the  other  cate- 
gories of  the  system.  Just  as  by  divergent  development  varieties 
become  species^  bO  must  species  by  continued  divergence  become 
so  far  removed  from  one  another  that  we  distinguish  them  as 
genera.  It  will  be  only  a  question  of  time  when  these  differences 
will  become  still  greater,  and  cause  the  establishment  of  orders, 
classes,  and  branches,  just  as  the  tender  shoots  of  the  young 
plantlet  become  in  the  strong  tree  the  chief  branches  from  which 
spring  lateral  branches  and  twigs.  If  we  pursue  this  train  of 
thought  to  its  ultimate  consequences,  we  reach  the  conception  that 
all  the  animals  and  plants  living  at  present  have  arisen  by  means 
of  variation  from  a  few  primitive  organisms.  Inasmuch  as  at  least 
many  thousands  of  years  are  required  for  the  formation  of  several 
new  species  through  the  variability  of  one,  there  must  then  have 
been  necessary  for  this  historical  development  of  the  animal  and 
vegetable  kingdoms  a  space  of  time  greater  than  our  mental 
capacity  can  grasp.  Since  for  the  idea  of  the  individual  develop- 
ment (embryology)  of  an  animal  the  term  Ontogeny  has  been 
chosen,  it  has  also  proved  convenient  to  apply  to  the  historical 
development  of  animals — ^though  this  has  not  been  observed,  but 
only  inferred — ^the  term  History  of  the  Race  or  Phylogeny. 

Spontaneous  Generation. — If  we  attempt  to  derive  all  living 
animals  from  a  common  primitive  form,  we  are  compelled  to 
assume  that  this  was  of  extremely  simple  organization,  that  it  was 
unicellular;  for  the  simpler,  the  less  specialized,  the  organization, 
so  much  the  greater  is  its  capacity  for  variation.  Only  from 
simple  organisms  can  the  lower  unicellular  organisms,  the 
Protozoa,  be  derived.  Finally,  for  the  simple  organisms  alone 
can  we  conceive  a  natural  origin.  Since  there  was  undoubtedly  a 
time  upon  our  earth  when  temperatures  prevailed  which  made  life 
impossible,  life  must  at  some  time  have  arisen,  either  through  an 
act  of  creation  or  in  a  natural  way  through  spontaneous  generation. 
If,  in  agreement  with  the  spirit  of  natural  science,  we  invoke  for 
the  explanation  of  natural  facts  only  the  forces  of  nature,  we  are 
driven  to  the  hypothesis  of  spontaneous  generation,  namely,  that 
by  a  peculiar  combination  of  materials  without  life,  the  compli- 
cated mechanism  which  we  call  *  life '  has  arisen.  This  hypothesis 
also  supposes  that  the  first  organisms  possessed  the  simplest  con- 
ceivable structure. 

Variability  not  proven  to  be  a  Universal  Principle. — Starting 
from  a  basis  of  facts,  by  generalization  we  reach  a  simple  concep- 
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tion  of  the  origin  of  the  animal  kingdom,  but  we  have  in  equal 
measure  departed  from  the  results  of  direct  observation.  Observa- 
tions only  show  us  that  species  are  capable  of  changes  and  can 
from  themselves  produce  new  species.  That  this  capacity  for 
variation  is  a  universal  principle,  a  principle  which  explains  to  us 
the  origin  of  the  animal  world,  needs  further  demonstration. 

Proofs  of  Phylogcny. — The  rise  of  the  existing  animal  world 
is  a  process  which  has  taken  place  in  the  thousands  of  years  long 
past,  but  is  no  longer  accessible  for  direct  observation,  and  there- 
fore it  can  never  be  proved  in  the  sense  that  we  explain  the  indi- 
vidual development  of  an  organism.  In  regard  to  the  conception 
of  the.  simple  evolution  of  animals  we  can  merely  prove  the 
probability;  yet  it  is  shown  that  all  our  observations  of  accessible 
facts  not  only  agree  with  this  conception,  but  find  in  H  their  only 
simple  explanation.  Such  facts  are  furnished  to  us  by  the  classi- 
fication of  animals,  paleontology,  geographical  distribution,  com- 
parative anatomy,  and  comparative  embryology. 

(i)  Proofs  froni  Classification, — For  a  long  time  it  has  been 
recognized,  and  in  recent  times  finds  ever-increasing  confirmation, 
that  if  we  wish  to  express  graphically  the  relationships  of  animals, 
their  classes,  orders,  genera,  and  species,  simple  co-ordination  and 
subordination  are  not  sufficient,  but  one  must  select  a  treelike 
arrangement,  in  which  the  principal  divisions,  more  closely  or  dis- 
tantly related  to  one  another, — the  branches,  phyla,  or  types, — 
represent  the  main  limbs,  while  the  smaller  branches  and  twigs 
correspond  to  the  several  classes,  orders,  etc.  This  is,  in  fact, 
the  arrangement  to  which  the  theory  of  evolution,  as  seen  above, 
necessarily  leads. 

{2)  Paleontological  Demoiistration  approaches  nearest  to  what 
one  might  call  direct  proof;  for  paleontology  gives  us  the  only 
traces  of  existence  which  the  predecessors  of  the  present  animal 
world  have  left.  Even  here  a  hypothetical  element  has  crept  into 
the  demonstration.  We  can  only  observe  that  various  grades  of 
forms  of  an  animal  group  are  found  in  successive  strata;  if  we 
unite  these  into  a  developmental  series,  and  regard  the  younger 
as  derived  from  the  older  by  variation,  we  depart,  strictly  speak- 
ing, from  the  basis  of  fact.  But  the  value  of  paleontological 
evidence  is  weakened  much  more  by  its  extreme  incompleteness. 
In  fossils  only  the  hard  parts  are  generally  preserved;  the  soft 
parts,  on  the  other  hand,  which  alone  are  present,  or  at  least  make 
up  the  most  important  part  of  many  animals,  are  almost  always 
lost.     Only  rarely  are  the  soft  parts  (muscle  of  fishes,  ink-bag  of 
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cephalopoda,  oatlines  o£  medudse)  preBerved  in  the  rocke.  Even 
the  hard  parts  remain  connected  only  under  exceptionally  favor- 
able conditions.  I£  further  we  take  into  conHidoration  the  fact 
that  these  treasurea  are  buried  In  the  bosom  of  the  earth,  aud  are 
usually  obtained  only  by  accident,  in  quarrying  and  road-build- 
ing, and  besides  only  extremely  seldom  excavated  with  scientific 
care,  it  becomes  sufficiently  clear  how  little  is  to  bo  expected  from 
the  past  aud  indeed  future  material  of  paleontology. 

Examples    of  Pahfintological    Proof. — Yet    paleontology   has 
already  furnished  many  important  proofs  of  the  theory  of  descent. 


\  ooTttcold;  It, 


It  has  shown  that  the  lower  forms  appeared  first,  and  the  more 
highly  organized  later.  Among  animald  in  general  the  latest  to 
appear  were  the  vertebrates,  and  of  these  the  mammals;  among 
the  mammals  man.     For  smaller  groups  genealogical  material  has 
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fortunately  been  found.  Transitional  forms  connect  the  single- 
toed  horse  of  the  present  with  the  four-toed  Eohippos  of  the 
eocene;  for  all  the  hoofed  animals  a  common  starting-point  or 
ancestral  form  has  been  found  in  the  Condylarthra.  Transitional 
forms  have  also  been  found  between  the  greater  divisions,  as,  e.g., 
between  reptiles  and  birds,  the  remarkable  toothed  birds,  and  the 
ArchcBopteryx  (fig.  2),  a  bird  with  a  long,  feathered,  lizard-like 
tail. 

(S)  Morphological  Proofs. — When  we  employ  comparative 
anatomy  and  embryology  in  support  of  evolution,  we  find  that  the 
two  studies  have  so  many  points  in  common  that  they  can  best  be 
treated  together. 

Cuvier  and  von  Baer  taught  that  the  separate  types  of  the 
animal  kingdom  are  units,  each  with  a  special  structure  and  plan 
of  development  peculiar  to  it;  farther,  that  there  are  no  similari- 
ties in  structure  and  in  the  development  forming  a  bridge  from 
type  to  type.  The  first  of  these  two  propositions  is  still  regarded 
as  correct,  but  the  second,  which  alone  is  important  for  the  theory 
of  evolution,  has  become  quite  untenable.  All  animals  have  a 
common  organic  basis  in  the  cell  and  are  thereby  brought  close 
to  one  another;  all  multicellular  animals  agree  in  the  principal 
points  during  the  first  stages  of  their  development,  during  the 
fertilization,  cleavage  of  the  egg,  and  the  formation  of  the  first 
two  germ-layers,  and  vary  from  one  another  only  in  such  differ- 
ences as  may  occur  within  one  and  the  same  type.  Also  the 
peculiarities  which  distinguish  each  type  in  structure  and  in  the 
mode  of  development  are  not  without  intermediate  phases. 
Especially  from  the  branch  of  the  worms  there  lead  off  transitional 
forms  to  the  other  branches :  Balanogloasus  to  both  ochinoderms 
and  chordates,  the  annelids  and  Peripattis  to  the  arthropods,  the 
tunicates  and  Amphioxus  to  the  vertebrates.  In  some  representa- 
tives of  each  type  the  structure  and  the  mode  of  development  are 
simpler,  thereby  approaching  to  the  conditions  which  obtain  in 
the  other  types.  The  existence  of  such  transitional  forms  is  one 
of  the  most  important  proofs  in  favor  of  the  theory  of  evolution, 
and  speaks  against  the  assumption  of  a  rigid  unvarying  type  in 
Cuvier's  sense. 

Fundamental  Law  of  Biogenesis. — A  fact  that  weighs  heavily 
in  the  balance  in  favor  of  the  theory  of  evolution  is  the  fact  that 
the  structure  and  mode  of  development  of  animals  is  ruled  by  a 
law  which  at  present  can  only  be  explained  by  the  assumption  of 
a  common  ancestry.     Each  animal  during  its  development  passes 
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through  esseatUlIj  the  stages  which  remain  permanent  iu  the  case 
of  lower  or  at  least  more  primitiTo  animals  of  the  same  branch,  as 
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the  three  following  examples  will  show;  (1)  Id  the  early  stages  of 
development   the   human  embryo  (fig.   3)   posseBses   remarkable 
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resemblances  to  the  lowest  vortcbrulea,  tlie  fishes.  Like  tliose  it 
has  gill-slits,  tlie  same  arraiigement  of  the  heart  and  of  the  arterial 
vessels,  certain  fundamental  features  in  the  dcrelopment  of  the 
skeleton,  etc,  (2)  Frogs  in  their  tadpole  stage  have  an  organiza- 
tion similar  to  that  which  remains  permanent  in  the  ease  of 
certain   Amphibia,   the  Pcrennibranchiata   (fig.   5),  which  stand 


FlQ.  S.— Siredon  ptoctformtt  (larv»  o(  Amiiutlnvia  (((jHnum).    (After  Dumfril  and 
Bibron.) 

lower  in  the  system;  they  have  a  swimming  tail  and  tuft-like  gilU. 
which  are  lacking  in  the  adult  frog.  (3)  There  are  certain  para- 
sitic Crustacea,  which  live  upon  the  gills  of  fishes,  and  seem  not 


FlO.  ^—ArMhtra  jttTvtrtt  ii.    ii,  naupUtis-.  h,  cvclupB-BtugH  ;  e,  adult  female. 

(After  CIbub.) 

at  all  like  their  relatives.  They  are  shapeless  masses  which  were 
formerly  regarded  as  parasitic  worms.  Their  systematic  position 
was  only  determined  by  tlioir  embryology  {fig.   C).     Here  it  ia 
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EhowD  that  they  pasa  through  a  nauplius-stage  (Sg.  6n),  clmrsc- 
terietic  of  most  cnigtacea,  and  that  they  then  aBfiume  the  shape  of 
Email  Crustacea  (fig,  6,  h),  like  Cyclops  (fig.  7,  A),  so  widely  dis- 


:  P.  furca;  1,  the  11  ret,  3,  the  Berond.  antennw  ;  3,  mnndlbleB;  t,  mailllB-; 

5.  mullllpede :  8^  the  first  four  pairs  of  blramouB  reet,  while  the  rudlmentary 
fllth  pair  ue  hidden :  au,  eye :  u,  upper  lip :  e.  Kse-mcs  ;  d.  gut :  m,  muscle, 

tributed  in  fresh  waters.  Very  often  the  males  make  a  halt  in  the 
cyclops-stage  while  the  female  develops  farther  and  assumes  a 
shapeless  form,  so  that  there  arises  a  very  remarkable  sexual 
dimorphism  (fig.  8).  All  these  examples,  which  ean  be  multiplied 
by  hundreds,  can  he  explained  in  the  same  way.     The  higlier  forms 
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pass  through  the  stage  of  organization  of  the  lower,   because 

they  spring  from  ancestors  which  were 
more  or  less  similar  to  the  latter.  Man 
in  his  embryological  development  passes 
through  the  fish  stage^  the  frog  the  per- 
ennibranchiate  stage,  the  parasitic  crus- 
tacean first  the  nauplius-  and  then  the 
cyclops-stage,  because  their  ancestors 
were  once  fish-like,  perennibranchiate- 
like,  nauplius-  and  cyclops-like.  Here 
is  expressed  a  general  phenomenon 
which  Haeckel  has  stated  in  a  general 
proposition  under  the  name  of  ^the 
Fundamental  Law  of  Biogenesis. '  "  T  he 
development  history  (ontogeny)  of  an 
individual  animal  briefly  recapitulates 
the   history  of  the   race   (phylogeny); 

maieTafter  Glaus),  x  4;  b,  mate  i-^- ,  the  most  important  stages  of  orgaui- 
(after  Bergraoe),  x  18.  zation  which  its  auccstors  have  passed 

through  appear  again,  even  if  somewhat  modified,  in  the  develop- 
ment of  individual  animals. '^ 

Examples  of  the  Application  of  this  Law. — The  Nervous 
System. — This  law  applies  as  well  to  single  organs  as  to  entire 
animals.  The  central  nervous  system  of  the  lower  animals 
(echinoderms,  coelenterates,  many  worms)  forms  part  of  the  skin; 
in  its  first  appearance  it  belongs  to  the  surface  of  the  body,  because 
it  has  to  mediate  the  relations  with  the  external  world.  In  the 
case  of  higher  animals,  e.g.,  the  vertebrates,  the  brain  and  spinal 
cord  lie  deeply  embedded  in  the  interior  of  the  body;  but  in  the 
embryo  it  is  laid  down  likewise  as  a  part  of  the  skin  (medullary 
plate)  and  which  gradually  through  infolding  and  cutting  off  from 
this  comes  to  lie  internally.  One  can  demonstrate  this  change  ol 
position  by  cross-sections  through  the  dorsal  region  of  embryos  of 
different  ages  of  any  vertebrate  (fig.  9). 

The  Skeletal  System. — The  skeleton  of  vertebrates  is  a  further 
example.  In  the  lowest  chordates,  amphioxus  and  the  cyclostomes, 
the  vertebras  are  lacking,  and  in  their  place  we  find  a  cylindrical 
cord  of  tissue,  the  chorda  dorsalis  (notochord).  In  the  fishes  and 
Amphibia  the  notochord  usually  persists;  but  it  is  partially 
reduced  and  constricted  by  the  vertebrae,  which  in  the  lower  forms 
consist  of  cartilage,  and  in  the  higher  of  bone  or  a  combination  of 
bone  and  cartilage.     Mature  birds  and  mammals  finally  have  a 
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of  gut ;  tnJO,  tnh*,  lomatlo  and  splanchnic  layers  of  mcBoderm. 
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completely  ossified  vertebral  column;  their  embryos,  on  the  other 
hand,  have  in  the  early  stages  only  the  notochord  (amphioxus 
stage) ;  later  this  notochord  becomes  constricted  by  the  vertebrae 
(fish-amphibian  stage)  and  finally  entirely  replaced ;  the  vertebral 
column  is  in  the  beginning  cartilaginous,  only  later  becoming  ossi- 
fied. Comparative  anatomy  and  embryology  thus  give  the  same 
developmental  stage  of  the  axial  skeleton:  (1)  notochord,  (2) 
notochord  and  vertebral  column,  the  latter  at  first  formed  of 
cartilage,  then  of  bone. 

We  have  here  spoken  of  a  parallelism  between  the  facts  of 
comparative  anatomy  and  those  of  embryology.  But  in  reality  we 
should  expect  a  threefold  parallelism;  for  according  to  the  theory 
of  evolution  the  systematic  arrangement  of  animals  is  conditioned 
by  a  third  factor — the  historical  development  of  the  animal  world, 
or  phylogeny.  The  mile-stones  of  phylogenesis,  the  fossils,  should 
give  the  same  progressive  series  in  the  successive  geological  strata 
as  the  stages  of  forms  found  by  comparative  anatomy  and  embry- 
ology. We  actually  know  instances  of  such  threefold  parallelisms. 
Comparative  anatomy  teaches  that  the  lowest  developed  form  of  a 
fish's  tail  is  the  diphycercal  (fig.  10,  A)\  that  from  this  the 
heterocercal  (^),  and  from  the  heterocercal  the  homocercal  form 
of  tail-fin  (C,  D)  can  be  derived.  Embryologically  the  most  highly 
developed  fishes  are  first  diphycercal,  later  heterocercal,  and 
finally  become  homocercal.  Last  of  all,  paleontologically  the 
oldest  fishes  are  diphycercal  or  heterocercal,  and  only  later  do 
homocercal  forms  appear. 

What  has  here  been  referred  to  is  only  a  small  fraction  of  the 
weighty  proofs  which  morphology  offers  in  favor  of  evolution;  it 
can  only  serve  to  show  how  morphological  observations  can  be 
employed.  For  the  reflecting  naturalist  the  facts  of  mor])hology 
are  a  single  great  inductive  proof  in  favor  of  the  theory  of  evolu- 
tion. 

Distribution  of  Animals. — From  Animal  Geography  we  learn 
that  the  present  distribution  of  animals  is  the  product  of  past 
hundreds  and  thousands  of  years.  It  will  therefore  be  possible 
from  this  to  figure  out  many  of  the  earlier  conditions  of  things, 
by  proceeding  with  the  utmost  caution  and  overcoming  extreme 
difficulties. 

If  we  assume  that  from  the  beginning  all  animal  species  were 
constituted  as  they  now  are,  they  would  then  have  been  placed  by 
the  purposeful  Creator  in  the  regions  best  suited  to  their  organiza- 
tion; their  distribution  would  therefore  have  been  determined  by 
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favorable  or  unfavorable  coiiditiona  of  life  prevailing  in  tbe  various 
regions,  as  the  climate,-  food-snpply,  etc.  If,  on  the  other  hand, 
we  assume  that  tbe  animal  species  have  arisen  from  one  another 
through  variation,  then  there  must  have  been,  as  an  influence 
determining  the  manner  of  distribution,  besides  the  conditions' 
of  existence,  still  a  second  factor,  which  we  will  call  the  geo- 


-Tftll-dna  of  varlona  ftshoB.    (From  Zlttel.)    A.  Dlphyceroal  fln  o(  PiJmilfraK 
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appareDtly  symmetrical,  but  In  Its  Internal  structure  very  aiymmetrlCBl.j  cfi. 
chorda;  a,  b,  c,  cover-plates. 

logical.  We  know  that  the  configuration  of  the  earth's  surface 
Las  changed  in  many  respects  iu  the  course  of  the  enormous  space 
of  time  of  the  geological  periods;  that  land  areas,  which  earlier 
were  united,  have  become  separated  by  the  encroachments  of  the 
sea;  that  by  the  upheaval  of  mountains  important  barriers  to  the 
distribution  of  animals  were  also  formed.     From   the   fact  that 
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these  two  changes — the  changes  in  the  earth's  surface  and  in  the 
animal  world  established  upon  it — ^have  gone  on  hand  in  hand 
there  follows  necessarily  the  consequence  that  greater  differences 
in  the  faunal  character  of  two  lands  must  result  the  longer  they 
have  developed  independently  of  one  another,  without  interchange 
of  their  animal  populations,  and  the  longer  the  inhabitants  have 
been  separated  by  impassable  barriers.  For  the  various  groups 
the  character  of  the  barriers  is  different;  terrestrial  animals,  which 
cannot  fly,  are  hindered  in  their  distribution  by  arms  of  the  sea; 
marine  forms  by  land  barriers;  for  terrestrial  molluscs  high  moun- 
tain ranges,  which  are  dry  and  barren,  or  constantly  snow-capped, 
are  effectual. 

Instances  of  Proofs. — Since  attention  has  been  called  to  these 
conditions,  many  geographical  facts  favorable  to  the  theory  of 
evolution  have  been  ascertained:  (1)  Of  the  various  continentB 
Australia  has  faunally  an  independent  character;  when  discovered 
it  contained  almost  none  of  the  higher  (placental)  mammals^ 
except  such  as  can  fly  (Chiroptera),  or  marine  forms  (Cetacea),  or 
such  as  are  easily  transported  by  floating  wood  (small  rodents),  or 
such  as  could  be  introduced  by  man  (dingo,  the  Australian  dog) ; 
instead,  it  had  remarkable  birdlike  animals  (with  beak  and  cloaca), 
and  the  marsupials,  which  have  become  extinct  in  the  Old  World 
and  the  opossums  excepted,  in  America  as  well.  The  phenomenon 
is  explained  by  the  geological  fact  that  in  the  earth's  history 
Australia,  with  its  surrounding  islands,  was  certainly  the  earliest 
to  lose  its  connexion  with  the  other  continents.  While  in  the 
other  four  parts  of  the  earth  the  higher  vertebrates,  which  were 
developed  from  the  marsupials  and  their  lower  contemporaries, 
came,  by  way  of  the  lands  connecting  the  various  continents,  to 
have  a  wide  or  even  a  cosmopolitan  distribution,  in  isolated 
Australia  this  process  of  evolution  did  not  go  on,  and  its  ancient 
faunal  character  was  preserved.  (2)  As  Wallace  has  shown,  the 
Malay  Archipelago  is  divided  faunally  into  an  eastern  and  a  western 
half;  within  each  group  there  are  islands  which,  in  spite  of  a 
different  climate,  have  a  very  similar  fauna.  .  On  the  other  hand, 
the  faunal  boundary  (* Wallace's  line')  passes  between  the  two 
islands  Bali  and  Lombok,  which  have  the  same  climate  and 
geographically  are  very  close  together.  But  the  depth  of  the  strait 
in  this  region  shows  that  here  runs  a  boundary  of  extraordinarily 
long  geological  duration,  and  that  in  the  earth's  history  Bali  has 
developed  in  connexion  with  the  western,  Lombok  with  the  eastern 
chain  of  islands.     More  recent  studies  make  it  probable  that  there 
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is  an  island  zone  between  the  two  in  which  a  mixture  of  faunas 
occurs.  Celebes  especially  belongs  here.  (3)  A  long  time  before 
Darwin,  the  renowned  geologist  Leopold  von  Buch,  from  the  dis- 
tribution of  plants  on  the  Canary  Islands,  had  come  to  the  conclu- 
sion of  a  change  of  species  into  new  species;  viz.,  on  islands 
peculiar  species  develop  in  secluded  valleys,  because  high  mountain- 
chains  isolate  plants  more  effectually  than  do  wide  areas  of  water. 
M.  Wagner  has  collected  many  instances  which  prove  that  locali- 
ties inhabited  by  certain  species  of  beetles  and  snails  have  been 
sharply  divided  by  wide  rivers  or  by  mountain-chains,  while  in 
neighboring  regions  related  so-called  '  vicarious  species '  are  found. 

Causal  Foundation  of  the  Theory  of  Evolution. — The  Dar- 
wiuian  theory,  so  far  as  the  above  exposition  shows,  is  fundamen- 
tally like  the  theories  of  descent  advocated  at  the  beginning  of  this 
century  by  Lamarck  and  other  zoologists;  it  is  distinguished  from 
these  only  by  its  much  more  extensive  foundation  of  facts,  and 
further  in  that  it  abandoned  the  successional  arrangement  over- 
thrown by  the  type  theory,  and  replaced  it  by  the  branched,  tree- 
like mode  of  arrangement, — the  genealogical  tree.  But  still  more, 
important  are  those  advances  of  Darwinism  which  relate  to  the 
causal  foundation  of  the  descent  theory.  The  doctrine  of  causes 
which  has  brought  about  the  change  of  species  forms  the  nucleus 
of  the  Darwinian  theory,  by  which  it  is  especially  distinguished  from 
Lamarckism.  In  order  to  substantiate  causally  the  change  of 
species,  Darwin  proposed  his  highly  important  principle  of 
*  Ni^tural  Selection  by  means  of  the  Struggle  for  Existence.' 

Artificial  Selection. — In  the  development  of  this  principle 
Darwin  started  from  the  limited  and  hence  easily  comprehended 
subject  of  Domestication,  the  artificial  breeding  of  our  races  of 
domesticated  animals.  Many  of  these  undoubtedly  sprang  from  a 
single  wild  living  species;  others  arose  from  several  species,  but 
now  have  the  appearance  of  a  single  species.  How  have  arisen 
such  extraordinarily  different  races  of  pigeons — the  fantail,  the 
pouter,  long-  and  short-billed  pigeons,  etc.,  the  long-  and  short- 
horned  cattle,  the  heavy,  slow  Percherons  and  the  slenderly-built, 
fleet-footed  Arabian  horses?  Undoubtedly  through  that  sanie 
more  or  less  conscious  inflaence  of  man,  which  is  still  employed 
by  the  skUful  animal-breeder.  If  he  wish  to  obtain  a  particular 
form,  he  chooses  from  his  stock  suitable  animals,  which  he  pairs 
together  if  they  in  ever  so  slight  a  manner  approach  nearer  than 
the  others  to  the  desired  ideal.  By  repetition  of  this  selection 
according  to  plan,  the  breeder  attains  a  slow  but  sure  approx- 
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imation  to  the  goal,  since  ho  uses  for  breeding  only  the  suitable 
individuals  from  each  new  generation.  If  he  wish,  for  example, 
to  breed  fantail  pigeons,  he  selects  from  his  stock  animals  with 
tlie  most  numerous  and  strongest  tail-feathers.  In  the  course  of 
generations,  then,  characteristics  cumulate;  the  number  of  pigeons 
baying  an  increased  number  of  tail-feathers  becomes  greater,  and 
thus  material  is  obtained  which  is  adapted  to  a  further  increase  in 
the  number  of  feathers. 

Factors  of  Evolution  in  Breeding. — The  remarkable  results  of 
breeding  which  are  well  known  to  every  observer  of  our  domesti- 
cated animals  depend  mainly  upon  three  factors:  (1)  Variability; 
the  descendants  of  one  pair  of  parents  have  the  capability  of 
developing  new  characteristics,  thereby  differing  in  appearance 
from  their  parents.  (2)  Hereditability  of  newly-acquired  charac- 
ters. This  consists  in  the  tendency  of  the  daughter-generation  to 
transmit  the  newly-developed  characteristic  to  the  succeeding 
generation.  (3)  Artificial  selection;  man  selects  for  breeding  pur- 
poses suitable  individuals,  and  prevents  a  new  character  which  has 
arisen  through  variation  from  disappearing  through  crossing  again 
with  animals  of  the  opposite  variational  tendencies. 

Factors  of  Evolution  in  Nature. — If  we  compare  with  the  facts 
of  domestication  the  conditions  of  animals  living  in  the  state  of 
nature,  we  find  again  variability  and  heredity,  as  efficient  forces, 
inherent  in  all  organisms,  though  the  former  is  not  everywhere  of 
the  same  intensity.  There  are  many  species  which  vary  only 
slightly  or  not  at  all,  and  therefore  have  remained  unchanged  for- 
thousands  of  years.  But  contrasted  with  these  conservative  species 
are  in  every  group  progressive  species,  active  species,  which  are 
in  the  process  of  rapid  change,  and  these  alone  are  of  importance 
in  causing  the  appearance  of  new  species.  Since  heredity  is 
present  in  all  organisms,  there  is  only  lacking  a  factor  correspond- 
ing to  artificial  selection,  and  this  Darwin  discovered  in  the 
so-called  '  natural  selection.^ 

Natural  Selection :  Struggle  for  Existence. — Natural  selection 
finds  its  basis  in  the  enormous  number  of  descendants  which  every 
animal  produces.  There  are  animals  (e.g.,  most  fishes)  which 
produce  many  thousands  of  young  in  the  course  of  their  lives;  not 
to  mention  parasites,  whose  eggs  are  numbered  by  millions.  For 
the  development  of  this  animal  throng  there  is  no  room  on  the 
earth ;  for  even  if  we  compute  upon  the  basis  of  a  slowly-multiply- 
ing animal,  like  the  elephant,  and  assume  that  all  the  progeny  liv^ 
and  reproduce  normally,  it  would  only  be  a  few  centuries  befori^ 
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the  entire  earth  would  be  occupied  by  herds  of  elephants.  In 
order  to  preserve  the  equilibrium  in  nature  great  numbers  of 
unfertilized  and  fertilized  eggs,  as  well  as  young  animals  and  many 
that  are  mature  but  have  not  yet  attained  ijpjm^  physiological 
destiny,  must  perish.  Many  individuals  will  undoubtedly  be 
blotted  out  by  purely  accidental  causes;  yet  on  the  whole  those 
individuals  which  are  best  protected  will  best  withstand  adverse 
conditions.  Slight  superiority  in  structure  jwill  be  of  importance 
in  this  struggle  for  existence,  and  the  possessors  of  this  will  gain 
an  advantage  over  their  companions  of  the  ^ame  species,  just  as  in 
domestication  each  character  which  is  or  is  fancied  to  be  useful  to 
man  insures  advantage  to  the  possessor.  Among  the  numerous 
varieties  that  appear  the  fittest  will  survive,  and  in  the  course  of 
many  generations  the  fortunate  variations  will  increase  by  sum- 
mation, while  destniction  overtakes  the  unsuitable  varieties.  Thus 
will  arise  new  forms,  which  owe  their  existence  to  *  natural  selec- 
tion in  the  struggle  for  existence.* 

The  <  Struggle  for  Existence.' — The  expression  '  struggle  for 
existence '  is  figurative,  for  only  in  rare  cases  does  an  active  con- 
scious struggle  decide  the  question  of  an  animal's  existence;  for 
example,  in  the^case  of  the  beasts  of  prey,  that  one  which  by 
means  of  his  bodily  strength  is  best  able  to  struggle  with  his  com- 
petitors for  his  prey  is  best  provided  in  times  of  limited  food- 
supply.  Much  more  common  is  the  unconscious  struggle:  each 
man  who  attains  a  more  favorable  position  by  special  intelligence 
and  energy,  limits  to  an  equal  degree  the  conditions  of  life  for 
many  of  his  fellow  men,  however  much  he  may  interest  himself  in 
humanity.  The  prey  which  by  special  craft  or  swiftness  escapes 
the  pursuer  turns  the  enemy  upon  the  less  favored  of  its  com- 
panions. It  is  noticeable  that  in  severe  epidemics  certain  men  do 
not  fall  victims  to  the  disease,  because  their  organization  better 
withstands  infection.  Here  the  term  'survival  of  the  fittest,' 
which  Spencer  has  adopted  in  preference  to  *  struggle  for  exist- 
ence,' is  better. 

himtancem  of  the  Struggle  for  Existence, — Although  the  fore- 
going general  considerations  suffice  to  show  that  the  struggle  for 
existence  plays  a  very  prominent  role  in  the  organic  world,  yet  on 
account  of  the  importance  of  this  feature  it  will  be  illustrated  by 
a  few  concrete  examples.  The  migratory  rat  {Mus  decn matins), 
which  swarmed  out  from  Asia  at  the  beginning  of  the  eighteenth 
century,  has  since  then  almost  completely  exterminated  the  house- 
rat  (Afu8  rattvs)  in  Europe,  and  has  made  existence  impossible  for 
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it  in  other  parts  of  the  world.  Several  European  species  of  thistle 
have  increased  so  enormously  in  the  La  Plata  states  that  they  have 
in  places  completely  crowded  out  the  native  plants.  Another 
European  plant  (Hypoch certs  radicata)  has  become  a  weed,  over- 
running everything  in  New  Zealand.  Certain  races  of  men,  like 
the  Dravidian  and  Indian,  die  off  to  the  same  degree  that  other 
races  of  men,  like  the  Caucasian,  Mongolian,  and  Negro,  spread. 
The  more  one  attempts  to  explain  that  endlessly  complicated  web 
of  the  relations  of  animals  to  one  another,  the  relations  of  animals 
to  plants  and  to  climatic  conditions,  as  Darwin  has  done,  so  much 
the  more  does  he  learn  to  appreciate  the  methods  and  results  of 
the  struggle  for  existence.  He  will  become  conversant  with  many 
interesting  phenomena,  formerly  unintelligible,  which  immediately 
find  an  explanation  through  this  doctrine.  Islands  lying  in  the 
midst  of  the  ocean  have  a  disproportionately  largo  number  of 
species  of  wingless  insects,  because  the  flying  forms  are  easily 
carried  out  to  sea.  For  example,  on  the  Kerguelen  Islands, 
remarkably  exposed  to  storms,  the  insects  are  wingless;  among 
them  one  species  of  butterfly,  several  flies,  and  numerous  beetles. 

Sympathetic  Coloration. — ^Very  often,  in  regions  which  have  a 
permanent  or  prevailing  uniform  color,  the  coat  of  the  animals  is 
distinguished  by  the  same  or  at  least  by  a  similar  hue;  this 
phenomenon  is  called  sympathetic  coloration.  Inhabitants  of 
regions  of  snow  are  white,  desert  animals  have  the  pale  yellow 
color  of  the  desert,  animals  which  live  at  the  surface  of  the  sea  are 
transparent;  representatives  of  the  most  diverse  animal  branches 
show  the  same  phenomenon.  The  advantages  connected  therewith 
scarcely  need  an  explanation.  Every  animal  may  have  occasion 
to  conceal  himself  from  his  pursuers;  or  it  may  be  his  lot  to 
approach  his  prey  by  stealth:  he  is  much  better  adapted  for  this 
the  closer  he  resembles  his  surroundings.  Natural  selection  fixes 
every  advantage  in  either  of  these  directions,  and  in  the  course  of 
many  generations  these  advantages  increase. 

Mimicry  is  referable  to  the  same  principle,  except  that  the 
imitation  is  not  here  limited  to  the  color,  but  also  influences  form 
and  marking.  Frequently  parts  of  plants  are  imitated,  sometimes 
leaves,  sometimes  stems.  Certain  butterflies  with  the  upper  sur- 
faces of  the  wings  beautifully  colored  escape  their  pursuers  by  the 
rapidity  of  their  flight;  if  they  alight  to  rest,  they  are  protected  by 
their  great  similarity  to  the  leaves  of  the  plants  around  which 
they  chiefly  fly.  When  the  wings  are  folded  over  the  back,  the 
dark  coloring  of  the  under  sides  comes  into  sight  and  the  color  on 
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the  upper  side  is  concealed.  Tlie  parts  are  bo  arranged  that  the 
whole  takes  on  a  leaf-like  form,  and  certain  markioga  heighten 
the  imitation  of  the  neuration  of  the  leaf  (fig.  11).  Among  the 
nnmerons  species  of  leaf-butterflies  there  are  different  grades  of 
completeness  of  mimicry;  in  many  even  the  depredations  of  insects 


fter  Wallace.) 

are  imitated;  in  others  the  form  and  marking  are  still  incompletely 
leaf-like,  the  marking  being  the  fir^t  to  come  into  existence. 
Among  the  grasshoppers  also  there  arc  imitations  of  leaves,  like 
the  'walking-leaf,'  PhylHum  sicci/oliuiii,  J',  fcythe,  while  other 
nearly  related  forma  more  or  less  completely  approach  the  appear- 
ance of  dried,  sometimes  of  thorny  twiga  (fig.  12,  «  and  b). 

Examples  of  Mimicry. — Very  often  insects  are  copied  by  other 
animals.       Certain   butterflies,    Heliconia,    fiy   in  large   swarms. 
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I.  IE.— Orasshopper  mimtciy.   a,  .AcantliiKlertia  trallorel  $  .   b,  PftyUtum  Kifthe  $  . 


Fio.  M.—^tOvma  iwMll.a  bad-taatlnE  HeKcnnlld,  copied  hj  tbe  Plerld,  J>pMIli<  nrlai. 
I  After  WttlUee.) 
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clamsy  and  yet  uDmoleeted  by  birds,  becanse  they  contain  bad- 
tasting  tat  bodice.  Another  species  of  butterfly  accompanies  them 
(Pieridffi),  which  does  not  taste  bad,  and  yet  are  not  eaten,  because 
in  flight,  in  cat,  and  marking  of  the  wings  they  imitate  the 
Heliconim  bo  closely  that  even  a  systematist  might  easily  be 
confnsed  (fig.  13).  In  a  similar  way  bees  and  wasps,  feared  on 
account  of  their  sting,  are  imitated  by  other  insects.  In  Borneo 
there  is  a  large  black  wasp,  whose  wings  have  a  broad  white  spot 


ti,  ColoboThombut  fascia- 

ncar  the  tip  {Mygnimia  aviculus).  Its  imitator  is  a  heteromerous 
beetle  {Colobarhombus  fasciatipennig),  which,  contrary  to  the  habit 
of  beetles,  keeps  its  hinder  wings  extended,  showing  the  white  spot 
at  their  tips,  while  the  wing-corers  have  become  small  oval  scales 
(fig.  U). 

Seznal  Selection  is  a  special  phase  of  natural  selection,  chiefly 
observed  in  birds  and  hoofed  animals.  For  the  fulfllment  of  his 
sexoal  instincts  the  male  seeks  to  drive  his  competitors  from  the 
field,  either  in  battle  or  by  impressing  the  female  by  his  special 
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escellences.  With  strong  wings  and  with  spurs  the  cock  main- 
tains  possession  of  his  flock,  tlie  stag  by  meaue  of  his  antlers,  the 
bull  with  his  horns.  The  birds  of  paradise  by  means  of  beautiful 
coloring  win  the  favor  of  the  females,  most  singing-birds  by  means 
of  song;  many  species  of  the  fowl  hy  peculiar  love-dances.     Since 


Fio.  ISA.— PariuIiBea  apodO,  male.    lAftar  LevalUant.) 

all  these  characters  belong  chiefly  to  the  male,  and  since  it  is 
only  exceptionally  that  they  are  inherited  hy  tiie  female  (and  even 
then  are  less  pronounced),  it  'u  almost  ceriajn  that  in  a  great 
measure  they  have  been  acquired  by  the  males  through  the  struggle 
for  the  female.  In  the  case  of  birds  a  second  factor  has  un- 
doubtedly co-operated  to  impress  distinctly  the  often  enormous 
difference  between  the  feathers  of  the  male  and  of  the  female — as 


HISTORY  OF  ZOOLOGY.  51 

is  shown,  for  example,  in  the  case  of  the  birds  of  paradise 
(fig.  15);  for  the  nesting  female  inconspicuous  colors  and  a  close- 
lying  coat  of  feathers  are  necessary  in  order  that,  undisturbed  by 
enemies,  she  may  devote  herself  to  incubation. 

On  the  Efficiency  of  Natural  Selection In  the  course  of  the 

last  decade  there  has  been  much  controyersy  as  to  how  far  natural 
selection  alone  is  a  species-forming  factor.  A  number  of  objectors 
dispute  the  possibility  of  fortuitous  yariations  being  utilized  in  the 
struggle  for  ezistence.    It  is  not  easy  to  see  how  many  characters. 


Fio.  ISB.—Paradliui  apiHJa.  female.  (After  Leyalllant.) 
especially  such  as  are  used  in  classification,  can  be  of  use  to  their 
owners.  It  can  only  be  said  that  they  have  developed  in  correla- 
tion, that  is  in  necessary  organic  connexion,  with  other  important 
characters.  But  useful  characters  must  be  considerable  in  order 
to  be  seized  upon  by  natural  selection.  Fortuitous  yariations  with 
which  Darvrinism  deals  are  too  inconsiderable  to  be  utilized  by  the 
organism  and  so  to  be  of  value  in  the  struggle  for  eiistence.  In 
most  cases,  too,  alteration  in  one  organ  alone  is  not  enough  to  be 
of  yalue;  usually  a  whole  series  of  accessory  structures  must  be 
modified.  In  short,  there  must  exist  a  harmonious  co-operation 
of  parts,  which  presupposes  a  progressive  and  well-regulated 
development  extending  through  a  long  space  of  time  duriug  which 
the  struggle  for  existence  could  hare  exerted  no  directing  influ- 
ence. Thus,  for  example,  the  wing  of  a  bird  in  order  to  be  used 
for  flight  must  have  already  reached  a  considerable  size;  the 
muscles  for  moying  it,  the  supporting  skeletal  parts,  the  nerves 
running  to  it  must  have  a  definite  formation  and  arrangement. 
Then  there  are  difficulties  in  that  most  animals  are  bilaterally  or 
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radially  symmetrical,  many  in  addition  segmented.  In  all  these 
eases  the  same  organ  is  repeated  two  or  more  times.  Organs  which 
are  repeated  symmetrically  and  usually  those  which  are  segmental 
agree  in  general  in  structure.  One  must  therefore  admit  that  the 
alterations  of  chance  must  have  occurred  at  at  least  two  points 
simultaneously  and  in  exactly  the  same  way. 

A  further  objection  is  that  the  action  of  natural  selection  would 
under  ordinary  conditions  be  negatived  by  unhindered  crossing  of 
the  varying  forms.  If,  for  example,  we  do  not  isolate  fantails  from 
other  pigeons,  they  will  cross  with  these,  and  their  descendants 
will  soon  resume  the  character  of  common  pigeons.  Finally,  it 
has  been  claimed  that  for  the  formation  of  new  species  a  simple 
variation  of  forms  is  not  sufficient;  it  must  reach  still  farther:  (1) 
a  variation  in  different  directions,  a  divergent  development  of  the 
individual  members  of  a  species;  (2)  the  disappearance  of  the 
transitional  forms  which  unite  the  divergent  forms. 

The  objection  that  the  struggle  for  existence  cannot  b^ing 
about  the  divergent  development  of  individuals  necessary  for 
improvement  is  of  least  importance.  It  need  only  be  added  that 
of  the  many  variations  appearing  at  the  same  time  in  a  species  two 
or  more  may  be  equally  useful;  that  then  one  set  of  individuals 
will  seize  upon  one,  another  set  upon  the  other  advantage,  and  that 
in  consequence  of  this  both  sets  will  develop  in  different  directions. 
Consequently  the  intermediate  forms  which  are  not  pronounced  in 
the  one  or  the  other  direction  will  be  in  an  unfavorable  position, 
and  must  carry  on  the  struggle  for  existence  with  both  groups  of 
partially  differentiated  companions  of  their  species,  and,  being  less 
completely  adapted,  must  fall. 

More  important  are  the  first  two  objections;  they  have  led  to 
theories  which  originally  seemed  destined  to  complete  the  Dar- 
winian theory,  but  in  the  course  of  discussion  they  have  more  and 
more  raised  the  claim  of  entirely  supplanting  it.  In  the  following 
paragraphs  will  be  found  an  outline  of  these  theories,  but  it  is  to 
be  taken  into  consideration  that,  at  the  present  time,  we  are  still 
in  the  midst  of  the  reform  movement,  and  it  cannot  yet  be  said 
whether  they  will  be  able  to  stand  beside  the  theory  of  the  struggle 
for  existence  or  will  supplant  it. 

Migration  Theory. — To  explain  how  characters  newly  formed 
by  variation  become  fixed,  and  do  not  disappear  again  through 
crossing  with  differently  modified  individuals,  M.  Wagner  has  pro- 
posed the  Theory  of  Geographical  Isolation,  or  the  Migration 
Theory.     New  species  may  arise  if  a  part  of  the  individuals  of  one 
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species  should  take  to  wanderings  or  should  be  transplanted,  and 
thus  come  to  a  new  place^  in  which  crossing  with  the  companions 
of  their  species  who  were  left  behind  is  not  possible.  The  same 
.  might  occur,  if  the  region  inhabited  by  a  species  should  by 
geological  changes  be  divided  into  two  parts^  between  which  inter- 
change of  forms  would  be  no  longer  possible.  The  animals 
remaining  under  the  old  conditions  would  retain  the  original 
characteristics;  the  wanderers^  on  the  other  hand,  would  change 
into  a  new  species.  Direct  observations  support  this  theory.  A 
litter  of  rabbits  placed  at  the  beginning  of  the  fifteenth  century 
on  the  island  of  Porto  Santo  has  in  the  mean  time  increased 
enormously  and  the  descendants  have  taken  on  the  characteristics 
of  a  new  species.  The  animals  have  become  smaller  and  fiercer, 
have  acquired  a  uniformly  reddish  color,  and  no  longer  pair  with 
the  European  rabbit.  A  further  proof  in  favor  of  the  theory  of 
geographical  isolation  is  the  peculiar  faunal  character  of  regions 
separated  from  adjacent  lands  by  impassable  barriers,  broad  rivers 
or  straits,  or  high  mountains  (comp.  p.  42) ;  especially  instructive 
in  this  regard  is  the  peculiar  faunal  character  of  almost  every 
island.  The  fauna  of  an  island  resembles  in  general  the  fauna  of 
tlie  mainland  from  which  che  island  has  become  separated  by 
geological  changes;  it  usually  has  not  only  these  but  also  so-called 
'vicarious  species,*  i.e.,  species  which  in  certain  characteristics 
closely  resemble  the  species  of  the  mainland.  Such  vicarioud 
species  have  plainly  arisen  from  the  fact  that  isolated  groups  of 
individuals,  scattered  over  the  islands,  have  taken  on  a  develop- 
ment divergent  from  the  form  from  which  they  started.  With  all 
due  recognition  of  the  migration  theory,  it  will  never  be  possible 
by  it  alone  to  explain  the  multiformity  of  the  organic  world.  In 
addition,  it  must  be  assumed  that  formerlv  the  earth's  surface 
possessed  an  enormous  capacity  for  change;  but  the  more  recent 
investigations  make  it  probable  that  the  distribution  of  land  and 
water  has  not  varied  to  the  degree  that  was  formerly  believed. 
The  experience  of  botanists,  too,  teaches  that  several  varieties  can 
arise  in  the  same  locality  and  become  constant. 

Lamarckism. — While  the  migration  theory  agrees  with  Dar- 
winism in  this,  that  the  new  characters  appearing  through  varia- 
tion are  to  be  regarded  as  the  products  of  chance,  yet  it  is  just 
this  part  of  the  theoiy  which  has  been  subjected  to  searching 
criticism.  Many  zoologists  have  again  adopted  the  causal  founda- 
tion of  the  descent  theory  proposed  by  Lamarck  and  believe  that 
the  cause  of  species  formation  is  to   be  found  in   part  in  the 
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immediate  influence  of  changing  environment,  in  part  in  the 
varying  use  and  disuse  of  organs,  brought  about  by  alterations  in 
the  conditions  of  life.  Both  principles,  they  say,  are  sufficient, 
even  without  the  help  of  the  struggle  for  existence,  to  explain  the 
phylogenesis  of  organisms. 

Influence  of  Environment. — To  what  extent  can  the  environ- 
ment bring  about  a  permanent  change  in  the  structure  of  plants 
and  animals  ?  To  decide  this  is  no  simple  problem,  on  account  of 
the  complexity  of  the  factors  entering  into  the  question. 

In  cases  where  the  food-supply  is  altered,  organisms  change  in 
s  very  remarkable  manner  and  within  a  short  time;  but  these 
changes  (Niigeli's  *  Modifications  through  Nutrition ')  seem  to  have 
no  permanence.  Plants  which,  found  in  nature  in  poor  soil,  are 
transplanted  into  rich  soil,  or  vice  versa,  soon  acquire  quite  a 
different  appearance,  and  preserve  this  through  the  following 
generations,  so  long  as  they  remain  in  the  rich  soil ;  but  the  plant 
quickly  returns  to  its  former  appearance  when  replaced  in  its 
previous  surroundings. 

In  general,  a  change  seems  to  be  the  more  permanent  the  more 
dowly  it  has  developed.  In  researches  upon  the  influence  of 
environment,  we  can,  therefore,  rely  soonest  upon  results  if  we 
experiment  with  slowly-working  factors,  such  as  light  and  heat, 
dry  or  moist  air,  different  intensities  of  gravitation,  of  stimuli^ 
etc.,  which  can  be  excluded  from  the  environment  of  the  organism. 

Use  and  Disuse. — Regarding  the  efficiency  of  use  and  disuse, 
there  is  no  doubt  that  the  shape  of  an  animal  is  influenced  to  a 
great  extent  by  the  manner  in  which  the  organs  are  used.  The 
organs  which  are  much  used  will  become  especially  strong  and  vice 
versa  those  which  are  not  used  will  become  weak.  The  only  ques- 
tion is  whether  these,  in  the  strict  sense  of  the  word,  newly-acquired 
characteristics  are  transmitted  to  the  offspring,  or  whether  the 
descendants,  in  order  to  attain  to  the  same  stage,  must  not  repeat 
in  the  same  way  use  and  disuse.  In  the  latter  case  the  cumulation 
of  characteristics,  and  with  it  the  possibility  that  these  may 
become  permanent,  is  excluded.  It  is  to  be  regretted  that  accurate 
results  are  still  lacking  on  a  point  so  well  adapted  for  experimental 
treatment.  At  this  time  rudimentary  organs  strongly  favor  the 
Lamarckian  principle;  for  we  see  that  cave  animals,  which  for 
many  generations  have  lived  in  darkness,  are  blind,  either  having 
no  eyes,  or  only  vestiges  of  them,  incapable  of  function.  This 
seems  to  justify  the  view  that  this  condition  is  attributable  to  lack 
of  use,  since  it  has  brought  about  a  functional  and  anatomical 
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incapacity,  which  has  increased  from  generation  to  generation. 
Now  we  must  believe  that  what  is  true  for  disuse  must  express 
itself  in  the  reverse  sense  in  the  case  of  use. 

Nageli's  Principle  of  Progression. — In  conclusion,  there  is  still 
to  be  considered  the  change  of  species  from  internal  causes,  to 
which  von  Baer  gave  the  poorly  adapted  because  easily  misleading 
term  **Zielstrebigkeit^'  (the  striving  toward  an  ideal),  and  which 
^N'iigeli  has  termed  the  '  perfecting  principle,^  or  the  *  principle  of 
progression.'  It  cannot,  indeed,  be  denied  that  each  species  is 
compelled,  by  some  peculiar  internal  cause,  to  develop  into  new 
forms,  independently  of  the  environment,  and  up  to  a  certain 
degree,  independently  of  the  struggle  for  existence.  In  all  animal 
branches  we  see  the  progress  from  lower  to  higher  going  on,  very 
often  in  a  quite  similar  way,  in  spite  of  the  fact  that  the  animals 
live  under  very  different  conditions  of  development.  We  see  how 
the  nervous  system  lying  near  the  surface  in  the  lower  animals 
becomes  in  the  higher  animals  concealed  in  the  depths  of  the  body; 
how  the  eye,  at  first  a  simple  pigment-spot,  becomes  in  worms, 
arthropods,  molluscs,  and  vertebrates,  provided  with  accessory 
apparatus,  as  lens,  vitreous  body,  iris,  choroid,  etc.  Here  we  see 
an  energy  for  perfection  which,  since  it  occurs  everywhere,  must 
be  independent  of  the  individual  conditions  of  life,  and  must  have 
its  special  explanation  in  the  character  of  the  living  substance. 

It  is  by  no  means  justifiable  to  call  an  assumption,  as  here 
expressed,  teleological,  and  to  reject  it  as  unscientific;  rather  the 
organism  seems  to  be  just  as  mechanically  conditioned  as  a  billiard- 
ball,  whose  course  is  determined  not  only  by  contact  with  the 
cushions  of  the  billiard-table,  but  also  in  a  large  measure  by  its 
indwelling  force,  imparted  to  it  by  the  stroke  of  the  cue.  An 
organism,  too,  is  a  store  of  energy  which  must  necessarily  from 
itself  develop  more,  but  it  is  of  more  extraordinary  complexity, 
and  to  an  equal  degree  also  is  independent  of  the  external  world. 
A  complete  independence  is  naturally  never  present,  and  Nageli 
has  not  so  maintained.  Along  with  it  rather  goes  always  an 
'action'  of  the  external  world,  a  modifying  influence  which  is 
carried  on  by  the  external  conditions  of  existence,  either  directly 
or  by  the  mediation  of  use  and  disuse. 

This  exposition  of  evolution  has  been  given  in  a  rather  detailed 
way,  because  in  the  history  of  zoology  it  is  undoubtedly  the  most 
important  feature.  No  other  theory  in  the  course  of  the  develop- 
ment of  zoological  investigation  has  gained  such  a  hold,  none  has 
propounded  so  many  new  problems  and  opened  so  many  new  fields 
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for  research.  There  is  no  other  zoological  theory  which  compares 
with  it  in  value  as  a  working  hypothesis.  To  the  many  objections 
which  have  been  made  that  the  theory  is  insufficiently  grounded^ 
it  can  only  be  replied  that  in  the  present  state  of  our  knowledge  it 
is  the  only  theory  which  agrees  with  our  experiences  and  explains 
these  in  a  simple  way  and  on  a  scientific  basis.  In  this  sentence 
is  given  the  merit  of  the  theory,  but  at  the  same  time  also  a  limita- 
tion of  its  applicability.  For  on  the  one  side  the  statement  attrib- 
utes the  merit  in  the  applicability  of  the  system  to  the  necessity 
of  the  human  mind  for  simple  explanations  of  the  facts  of  natural 
science,  and  on  the  other  hand  it  makes  the  degree  of  correctness 
dependent  upon  the  state,  whatever  it  may  be,  of  our  knowledge. 
On  both  sides  no  constant  quantities  are  involved.  Many  investi- 
gators see  no  necessity  of  reconciling  paleontology  and  our  knowl- 
edge of  plants  and  animals.  To  such,  therefore,  the  Darwinian 
theory  proves  just  as  little  as  any  opposing  theory.  Meanwhile 
thoughtful  naturalists  will  keep  in  mind  that  our  knowledge  of 
nature  is  making  considerable  advances,  and  is  visibly  becoming 
wider  and  deeper.  It  is  possible,  even  probable,  that  these 
advances  will  lead  to  many  modifications  of  the  theory.  For 
instance,  the  theory  of  the  causes  which  condition  the  formation 
of  new  species  will  undergo  numerous  changes.  On  the  other 
hand,  we  can  affirm  with  great  certainty  that  the  principle  of 
descent,  which  first  obtained  credence  through  Darwinism,  will  be 
a  permanetit  landmark  of  zoological  investigation. 


GENERAL  MORPHOLOGY  AND  PHYSIOLOGY 

General  Zoology :  Animal  Morphology. — In  the  vital  phenom- 
ena of  animals  a  certain  degree  of  similarity  can  be  followed 
through  the  entire  animal  kingdom;  the  way  in  which  animals  are 
nourished  and  reproduce  their  kind,  how  they  move,  and  how  they 
gain  experience,  is  essentially  the  same  in  great  groups,  and  even 
widely  separated  forms  show  many  agreements.  Corresponding 
to  this,  the  apparatus  which  is  concerned  with  the  above-men- 
tioned functions,  the  organs  of  nutrition  and  reproduction,  of 
motion  and  sensation  in  their  grosser  and  finer  structure,  and  in 
their  ontogeny,  must  be  similar  to  one  another  and  show  evidence 
of  some  fundamental  characters  which  always  or  frequently  recur. 
AH  this  needs  a  general  explanation  before  we  can  go  into  a 
description  of  the  separate  branches  of  animals.  This  explanation 
is  the  subject  of  general  zoology,  specially  of  general  anatomy  and 
embryology,  or  animal  morphology. 

(Ecology  or  Biology. — If  by  means  of  anatomy  and  embryology 
we  have  learned  the  general  character  of  the  animal  organism,  we 
must  yet  farther  study  its  relations  to  the  environment.  For  this 
study  of  the  conditions  of  animal  life,  oecology  or  biology,  we  have 
to  consider  the  geographical  range  of  animals,  their  distribution 
over  the  surface  of  the  earth  and  in  the  different  depths  of  the 
sea;  further,  the  reciprocal  relations. of  animals  and  plants,  and 
of  beast  to  beast,  as  these  find  special  expression  in  colony-build- 
ing, symbiosis,  parasitism,  etc. 

General  Anatomy. — In  the  case  of  Qeneral  Anatomy,  with 
which  we  shall  begin,  the  fundamental  proposition  will  be,  Hoto  is 
an  organism  formed  from  its  constituent  parts?  We  shall  thus  in 
spirit  follow  the  opposite  course  from  that  which  anatomy  actually 
takes,  for  this  resolves  the  animal  body  into  its  elementary  parts, 
its  organs,  tissues,  and  cells.  Instead  of  analytical  we  will  pursue 
synthetic  anatomy. 

The  synthesis  of  an  organism,  of  which  by  general  anatomy  we 
can  only  gain  an  idea,  actually  takes  place  in  nature  during  the 
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development  of  every  animal.  Embryologically  every  organism 
is  at  some  time  a  simple  element^  a  cell ;  this  divides  and  gives  rise 
to  tissues;  from  the  tissues  are  formed  organs,  and  from  the 
organs  the  regularly  membered  whole  of  the  animal  body  is  com- 
bined. If  the  general  ontogeny  proceeds  synthetically,  it  then 
agrees  in  its  manifestations  with  the  processes  which  go  on  in 
nature  and  which  are  accessible  to  direct  observation. 

GENERAL  ANATOMY. 

The  Morphological  Units. — The  expression  '  constituent  parts 
of  the  animal  body '  can  be  used  in  a  double  sense.  We  can  speak 
of  the  chemical  units,  the  chemical  combinations,  which  form  the 
tissues;  these  are  the  subject  of  animal  chemistry,  and  may  there- 
fore be  passed  over  here.  But  we  may  also  speak  of  the  constituent 
units  (morphological  units)  of  the  animal  body;  these  are  the  cells. 
These  and  their  transformation  into  tissues,  organs,  and  entire 
animals  are  for  us  of  vastly  greater  importance. 

I.  The  Morphological  Units  of  the  Animal  Body. 

The  Cell. — The  study  of  the  morphological  units  of  the  organic 
body  first  found  a  firm  foundation  in  the  cell  theory.  Every 
scientific  study  of  the  anatomy  of  plants  and  animals  must  there- 
fore take  the  cell  as  its  starting-point. 

History  of  the  CeH  Theory. — The  conception  of  the  cell  of  animals  and 
plants  has  in  the  course  of  time  undergone  many  chanj;:es,  which  must 
be  known  to  some  extent  in  order  to  understand  completely  the  name  and 
the  conception.  When,  in  the  seventeenth  century,  Hooker,  Marcello 
Malpighi,  and  Nehemia  Grew  introduced  the  term  into  vegetable  anatomy, 
they  meant  small  chambers  surrounded  by  firm  walls  and  filled  with  air 
or  fluid  contents.  When,  also,  early  in  the  nineteenth  century,  it  was  cor- 
rectly recognized  that  the  cell  is  the  anatomical  and  physiological  vegetable 
unit  from  which  all  the  other  parts  of  the  plant  are  formed,  and  when  the 
English  botanist  Brown  discovered  in  the  interior  of  the  cell  that  small 
body  previously  overlooked,  the  kernel  or  nticletis,  the  old  conception 
remained,  and  as  such  was  accepted  by  Schleiden  in  his  cell  theory. 
Schleiden  added  as  new  a  completely  erroneous  view  of  the  origin  of  cells: 
that  in  a  sort  of  matrix  (the  'cytoblast*)  first  a  granule,  the  nuclear 
body,  was  formed,  then  around  this  granule  a  membrane,  the  nuclear  mem- 
brane, arose  by  precipitation,  and  around  the  thus  completed  nucleus  a 
larger  membrane  (the  cell  membrane)  was  deposited.  Hence  for  the 
formation  of  the  cell  the  nucleus  would  be  of  most  importance. 

The  Schleiden-Schwann  Cell  Theory.— Since  it  is  the  nuclei  which  are 
most  easily  seen  in  the  animal  body,  and  even  now  are  particularly  useful 


QENBRAL  ANA10M7.  59 

Id  deciding  questions  concerning  the  presence  of  cells,  it  is  readily  under- 
stood how  Schleideu's  theory,  which  placed  the  nucleus  so  much  in  the 
foreground,  should  have  led  Schwann  to  apply  the  cell  theory  to  the 
animal  kingdom,  and  thus  raise  it  to  a  principle  of  general  application. 
We  usually,  therefore,  speak  of  the  Schleiden-Schwann  cell  theory. 

As  a  result  of  this  theory  the  walls,  the  cell  membrane,  were  regarded 
as  most  importjint  for  the  function  of  the  cell ;  through  the  cell  mem- 
brane diffusion-currents  must  pass  between  the  surrounding  medium 
and  the  contents  of  the  cell ;  the  character  of  the  membrane  and  of  the 
cell-sap  must  determine  the  condition  of  the  diffusion-currents,  and 
hence  the  functional  character  of  the  cell ;  the  different  appearance  of 
tissues  depends  chiefly  upon  the  fact  that  the  cells,  spherical  in  the 
beginning,  change  their  form ;  in  the  case  of  fibrillar  connective  tis- 
sue, for  example,  they  increase  enormously  in  length  and  become  fine 
fibrilliB.  Since  the  life  of  an  organism  is  nothing  else  than  the  co-operative 
work  of  all  its  cells,  they  flattered  themselves  that  through  the  cell  theory 
and  the  discovery,  brought  about  by  it,  of  the  physical  unity  of  the  animal 
and  vegetable  body  they  had  made  an  important  advance  in  the  great 
problem  of  the  physical  explanation  of  the  phenomena  of  life.  Cell  gene- 
sis also  seemed,  according  to  the  theory,  to  be  just  as  satisfactorily 
explained  on  a  mechanical  basis  as  the  formation  of  a  crystal.  In  the 
^cytoblast'  the  nuclear  bodies,  nuclear  membrane,  and  cell  membrane 
must  be  formed  by  deposition  just  as  in  the  process  of  crystallization. 

Saionn  Morwnenti, — Since  that  time  our  conception  of  the  nature  of 
eells  has  completely  changed.  The  cell  does  not,  after  the  manner  of  a 
crystal,  arise  as  a  new  formation  in  a  matrix,  but  it  presupposes  the 
existence  of  a  living  mother-cell,  from  which  it  arises  by  division  or  bud- 
ding. Just  so  also  the  cell  is  not  a  physical  unit,  but  is  itself  an  organism 
which  shows  to  us  all  the  enigmas  of  life,  the  physical  basis  of  which  our 
InveBtigations  must  ever  keep  in  view  as  a  goal,  though  it  be  still  indiscern- 
ibly  distant.  The  membrane  and  cell-sap  are  of  quite  subordinate  impor- 
tance for  the  existence  of  the  cell;  rather  the  most  important  thing  in  it  is 
the  previously  disregarded  substance,  for  which  von  Mohl  introduced  the 
name  protoplasm.  According  to  the  newer  conception  the  cell  is  practically 
a  small  mass  o/protopkum,  ustiaUy^  probably  always^  provided  icith  oiie 
cr  more  nuclei.  This  newer  conception  of  the  cell  has  developed  so  gradu- 
ally, and  has  so  slowly  supplanted  the  Schleiden-Schwann  view,  that  the 
old  name  has  been  retained,  alt)«ough  it  no  longer  at  all  fits  the  new  con- 
ception. We  have  indeed  become  so  thoroughly  accustomed  to  the  name 
that  we  no  longer  notice  the  contradiction  of  terms  when  we  call  a  solid 
lamp  without  a  membrane  a  *  cell.* 

DlMOTwy  of  Protoplasm. — The  reformation  of  the  cell  theory  was  begun 
by  discoveries  which  were  made  in  very  different  regions  and  only  lately 
have  been  brought  to  a  focus. 

1.  At  about  the  beginning  of  the  nineteenth  century,  Bonaventura 
Ck>rti  and  Treviranus  had  seen  that  the  chlorophyl  bodies,  which  cause  the 
green  color  of  plants,  in  many  species  stream  around  in  a  lively  manner  in 
the  interior  of  the  cell,  but  Mohl  was  the  first  to  find  out  that  this  motion 


60  GENERAL  PRINCIPLES  OF  ZOOLOGY. 

was  not  active,  but  rather  that  they  are  moved  by  a  homogeneous  sub- 
stance in  which  they  are  embedded.  This  substance,  which  Mohl,  in 
order  to  bring  it  into  prominence,  named  protoplcuma,  became  by  other 
studies  still  more  important.  In  the  reproduction  of  the  simplest  algaB,  it 
was  found  that  the  protoplasm,  together  with  the  chlorophyl  bodies,  col- 
lected itself  into  an  oval  mass,  and  that  this  body  left  the  cell  membrane 
and  swam  freely  in  the  water.  Since  the  cell- wall  no  longer  showed  signs 
of  life,  while  on  the  other  hand  the  protoplasmic  body  came  to  rest  and 
formed  a  new  plant,  it  was  shown  beyond  doubt  that  this  was  the  most 
important  constituent  part  of  the  cell  (comp.  fig.  115). 

2.  In  the  study  of  animal  tissues  the  importance  of  the  peculiar  cell- 
substance,  the  protoplasm,  was  still  more  plainly  brought  out.  Here,  in 
spite  of  the  long-prevailing  preconceived  idea,  unbiassed  observation  led  to 
the  discovery  that  most  animal  cells  had  no  cell-membrane. 

8.  Very  important,  finally,  was  the  study  of  the  lowest  organisms,  the 
Protozoa.  Dujardin  sought  by  extremely  careful  observations  to  prove 
that  these  animals  had  no  organs,  but  consisted  of  a  uniform  granular  sub* 
stance,  the  saroode.  The  sarcode  alone  could  produce  all  the  vital  phe- 
nomena, such  as  movement,  sensation,  assimilation,  previously  ascribed  to 
many  organs.  Dujardin^s  theory  was  stoutly  contested  by  Ehrenberg  and 
his  school,  but  finally  attained  general  acceptance  through  the  epoch- 
making  work  of  Max  Schultze  and  Haeckel. 

Scholtze's  Protoplasm  Theory. — On  the  basis  of  these  three  series  of 
observations,  Max  Schultze  fiually  established  the  reformation  of  the  cell 
theory  briefly  sketched  above,  when  by  accurate  study  of  the  appearance 
and  the  vital  phenomena,  and  by  means  of  numerous  experiments,  he 
proved  that  the  cell-substance  of  animals,  the  sarcode  of  Protozoa,  and 
the  protoplasm  of  plants  are  identical,  and  that  to  this  substance,  for 
which  he  retained  the  name  protoplasm,  all  the  vital  phenomena  of  animals 
and  plants  are  referable  in  the  ultimate  analysis.  The  second  important 
modification  concerns  the  changes  of  cells  into  tissues.  These  follow  not 
so  much  through  changes  of  form  and  modification  of  the  cells  into  the 
tissue  elements,  as  Schwann  thought,  but  rather  by  means  of  chemical 
changes.  By  means  of  its  formative  potentiality  the  protoplasm  gives  rise 
to  non-protoplasmic  structural  parts,  as,  for  example,  connective-tissue 
fibrils,  muscle  fibrils,  nerve  fibres,  etc.  These  give  the  various  tissues  their 
specific  character  and  perform  their  functions.  The  tissues  also  retain  a& 
the  source  of  life  and  formation  the  unemployed  remnants  of  cells,  the 
connective-tissue  corpuscles,  muscle  corpuscles,  etc.  We  will  now  trace 
out  farther  these  two  fundamental  ideas  in  Max  Schnitzels  '  protoplasm 
theory,*  and  thereby  briefly  sketch  the  elements  of  the  modern  theory  of 
tissues. 

Nature  of  the  Cell. — The  size  of  the  animal  cell  varies  to  a 
considerable  degree;  the  smallest  elements  are  the  male  sexaal 
cells,  the  spermatozoa^  whose  bodies,  particularly  in  case  of  the 
mammals,  are  even  less  than  0.003  mm. ;  the  largest,  on  the  other 
hand,    with    the    exception    of    the   giant    plasmodia    of    some 
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Mjcetozoa,  are  the  egg  cells.  The  yolk  of  the  bird's  egg,  which 
alone  forms  the  egg  in  the  narrower  sense,  apart  from  its  coverings, 
has  for  a  time  the  morphological  value  of  a  cell,  and  in  the  case  of 
the  ostrich  egg  may  reach  a  diameter  of  several  inches.  The  form 
of  the  cell  is  likewise  variable.  Free  cells,  whose  form  is  not 
determined  by  the  environment,  are  usually  spherical  or  oval  in 
the  resting  condition,  as  the  egg  cell  shows;  united  into  tissues, 
the  cells,  on  the  contrary,  may  be  pressed  together  into  polygonal 
or  prismatic  bodies,  or  may  send  out  spindle-  or  star-shaped 
branching  processes. 

Protoplasm. — So  there  is  left  to  characterize  the  cell  only  the 
constitution  of  its  substance :  the  cell  is  a  mass  of  protoplasm  with 
one  or  more  nuclei.  It  is  not  known  whether  protoplasm  is  a 
definite  chemical  body,  which  from  its  constitution  is  capable  of 
infinite  variation,  or  whether  it  is  a  varying  mixture  of  different 
chemical  substances.  So,  also,  we  are  by  no  means  certain  whether 
or  not  these  substances  (as  one  is  inclined  to  believe)  belong  to 
those,  other  enigmatical  substances,  the  proteids.  We  can  only 
say  that  the  constitution  of  protoplasm  must,  with  a  certain  degree 
of  homogeneity,  have  a  very  extraordinary  diversity.  For  if  we 
see  that  from  the  egg  of  a  dog  there  comes  always  and  only  a  dog, 
and  indeed  an  animal  with  all  his  individual  peculiarities,  that  a 
sea-urchin's  egg,  placed  under  the  most  diverse  conditions,  pro- 
duces always  a  sea-urchin,  that  a  species  of  amoeba  always  performs 
only  the  movements  characteristic  of  that  species,  we  must  assume 
that  the  functioning  constituent  part  of  this  cell,  the  protoplasm, 
has  in  each  case  its  peculiarities.  We  are  driven  to  the  assumption 
of  an  almost  unlimited  diversity  of  protoplasm,  even  if  we  concede 
an  important  share  in  the  prominent  differences  to  the  nucleus,  of 
which  we  shall  speak  later. 

General  Properties  of  Protoplasm. — The  similarity  of  proto- 
plasm, still  recognizable  through  all  its  variations,  expresses  itself 
in  its  appearance  and  iu  its  vital  phenomena.  Under  slight  mag- 
nification, protoplasm  appears  as  a  faintly-gray  substance,  some- 
times colored  yellowish,  reddish,  etc.,  by  pigments  taken  up  by 
imbibition,  in  which  numerous  strongly-refracting  granules  are 
embedded.  The  vital  characteristics  of  this  substance  are  move- 
ment^ irrUahility^  power  of  assimilation  and  of  reproduction. 

By  using  higher  powers  a  finer  structure  can  be  seen  in  the 
protoplasmic  substance,  the  '  homogeneous  protoplasm '  of  earlier 
writers.  The  nature  of  this  is  as  yet  in  question :  a  fine-meshed 
framework   (filar  substance,   spongioplasm,   cell    reticulum)    the 
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interBtices  of  which  are  filled  with  other  material  (interfilar  snb- 
Btsnce,  ecchylema,  ground  substance).  The  dispute  lies  eepeciallj 
around  the  question  whether  this  framework  is  formed  of  threads 
and  trabeculEe  or  whether  the  appearance  is  not  formed  bj  small 
chambers,  bounded  by  fine  partitiou-wallA  (foam  structure  of 
protoplasm). 

Movement  of  Protoplasm. — Movement  espresses  itself  first  in 
changes  of  form  of  the  whole  body — amoeboid  movement — and 
secondly  in  the  change  of  position 
of  the  small  granules  in  the  interior 
of  the  protoplasm — streaming  of 
granules.  Examples  of  amceboid 
movement  (fig.  16)  are  chiefly  the 
movements  of  many  Protozoa,  and 
of  the  colorless  blood-cells  (leuco- 
cytes) of  multicellular  animals; 
here  the  protoplasmic  body  sends 
out  coaVser  and  finer  processes, 
which  may  be  again  withdrawn, 
serving  for  locomotion  and  hence 
called  pseudopodia  or  false  feet. 
The  streaming  of  granules  can  be 
observed  in  the  interior  of  the  cell- 
body,  as  well  as  in  the  pseudopodia 
.  extending  from  this.  The  pseudo- 
"fe*'n,*nuXufli  podia  may  even  be  so  fine  as  to  be 
-'■  ■>~"-"^""";'''  at  the  limits  of  visibility  with  our 

strongest  magnifications  (fig.  17),  yet  in  them  it  can  still  be 
observed  that  the  grannies  wander  hither  and  thither  like  people 
on  a  promenade,  simultaneously  centripetally  and  centrifu gaily, 
some  with  greater,  others  with  less  speed.  And  yet  the  granules 
are  only  passively  moved  by  the  protoplasm,  for  if  we  feed  the 
creature  with  some  pigment  granules,  like  finely-pulverized  car- 
mine, these  granuleB  show  the  same  remarkable  streaming.  Indeed 
nothing  better  illustrates  the  great  complexity  in  the  structure 
of  protoplasm  than  theso  extremely  complicated  phenomena  of 
motion  in  sncli  narrow  limits  as  pseudopodia  in  general. 

Irritability  of  Protoplasm. — That  amceboid  movements  and 
streaming  of  granules  can  bo  induced,  brouglit  to  a  standstill,  and 
modified  by  mechanical,  chemical,  and  thermal  stimuli,  is  a  sure 
proof  of  the  irritability  of  protoplasm.  Most  important  are  the 
thermal  stimuli;    if    the  surrounding   medium    rise  above   the 
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ordinary  temperature,  the  movements  at  first  become  more  rapid 
up  to  a  maximum :  from  that  point  begins  a  slowing,  finally  coming 
to  a  standstill. — Heat-rigor,  If  the  high  temperature  continue 
much  longer,  or  if  it  rise  still  higher,  death  results.  The  fatal 
temperature  is  found  for  most  animals  between  40**  and  50°  C. 
(104''-122°  ¥.);  its  influence  explains  a  part  of  the  injurious 
effects  which  high-fever  temperatures  have  upon  the  human 
organism.  Like  the  heat-rigor,  there  is  also  a  cold-rigor^  induced 
by  a  sharp  sinking  of  the  temperature  below  the  normal.  This 
is  accompanied  by  a  gradual  diminution  of  mobility;  it  results 
in  death  by  freezing,  which  is,  however,  not  so  easily  produped  as 
death  by  heat.  It  is  a  remarkable  fact  that  many  animals,  conse- 
quently their  cells,  may  be  frozen;  and  in  this  condition  can 
endure  still  severer  cold  without  dying.  (For  example :  goldfish, 
&  temperature  of  —  8°  to  —15°  C. ;  frogs,  to  —  28°;  newts,  to 
-  25°). 

Nutrition  and  Reproduction. — Irritability  and  power  of  motion 
are  the  prerequisites  of  assimilation,  the  change  of  food-substance 
into  protoplasm.  Most  animal  cells,  for  example  almost  all  tissues 
cells,  are  not  suitable  for  studying  assimilation,  because  they  live 
upon  liquid  nourishment.  But  certain  cells  of  higher  animals, 
the  colorless  blood-cells,  and  most  unicellular  animals  can  be  fed 
also  with  solid  substances;  they  take  the  food-particles  into  the 
midst  of  the  protoplasm  by  flowing  around  them  with  the  pseudo- 
podia.  They  extract  all  the  assimilable  and  reject  the  indigestible 
portions  (fig.  16). 

In  the  case  of  sissimilation  it  is  to  be  noted  not  only  that  the 
cells  use  the  food  which  they  have  taken  for  their  own  growth  and 
for  replacing  worn-out  parts,  but  also  that  most  of  them  have  the 
power  of  producing  substances  other  than  protoplasm;  for 
example,  many  Protozoa  form  organic  shells  or  skeletons  which 
are  hardened  with  silica  or  limo.  This  formative  power,  the 
building  of  ^plasmic  products^'  is,  as  we  shall  shortly  see,  the 
starting-point  for  tissue-formation. 

Cell  Nucleus. — The  reproduction  of  protoplasmic  bodies  is 
synonymous  with  the  division  of  the  cell;  but  to  understand  this 
we  must  first  consider  the  second  important  constituent,  the 
nucleus.  This  is  a  body  enclosed  in  the  protoplasm,  whose  form, 
though  definite  for  each  kind  of  cell,  shows  in  general  wide  varia- 
tions. Usually  it  is  a  spherical  or  oval  vesicle;  but  it  may  be 
elongated  or  club-shaped,  bent  into  a  horseshoe,  with  constrictions 
like  a  rosary,  or  even  be  branched,  treelike  (fig.  18) ;  in  many  cells 
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it  is  disproportionally  large,  so  that  the  protoplasm  surroands  it 
only  with  a  thin  layer,  in  others  again  it  is  so  small  that  it  can 
scarcely  be  found  in  the  protoplasm  among  the  other  sabstances. 
Formerly,  on  this  accoant,  it  was  in  very  many  cases  overlooked, 
and  even  now  it  can  often  be  demonstrated  only  by  great  care, 

a 


Fio.  18.— Various  forms  of  nuclei,  a,  horseshoe-shaped  nucleus  of  an  Aolnete ;  Ih 
branchiner  nucleus  from  the  Malpighian  vessel  of  a  Sphingid  larva ;  c,  rosary- 
shaped  nucleus  of  Sttnior  ccenileiM. 

and  by  employment  of  a  special  technique  based  upon  the  micro- 
chemical  reaction  of  the  nuclear  substance. 

The  Nuclear  Substance. — The  nuclear  substance  is  distin- 
guished from  protoplasm,  among  other  ways,  by  its  greater 
coagulability  in  certain  acids,  e.g.,  acetic  and  chromic,  which 
therefore  are  often  used  for  demonstrating  the  nucleus.  If  in  a 
living  cell  the  nucleus  be  invisible  on  account  of  the  similarity  of 
its  refraction  to  that  of  the  protoplasm,  the  addition  of  2^  acetic 
acid  will  often  bring  it  into  sharp  contour. 

Structure  of  the  Nucleus. — In  its  minute  structure  the  nucleus 
affords  a  wonderful  variety  of  pictures  varying  according  to  the 
objects  chosen,  but  which  are  not  sufficiently  understood  to  permit 
of  a  single  description  accepted  by  all.  According  to  their  reac- 
tions to  stains  two  substances  in  particular  are  distinguished: 
chromatin  or  nuclein  (fig.  19,  ch)^  which  is  easily  stained  by  certain 
staining-fluids  (carmine,  hsematoxylon,  saffranin),  and  the  achroma- 
tin  or  linin,  which  stains  not  at  all  or  only  under  special  conditions. 

The  achromatin  forms  a  network  or  reticulum  (according  to 
another  view  a  honeycomb  structure)  filled  with  a  nuclear  fluid. 
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bounded  externally  by  a  nuclear  membrane,  easily  isolated  in  large 
nuclei.  If  little  nuclear  fluid  be  present,  and  the  reticulum  con- 
sequently be  coarBe-mesbed,  the  nucleus  seems  compact.  If  the 
fluid  be  abundant,  the  nucleus  appears  vesicular.    This  is  especially 


ar  nuclei  with  achromatic  retlcalum  and  dlflerent  arranaementa  at 
In  and  nucleolar  sahiiMnce.  p,  plastin  (nucleolU'  sntiiitAnce):  ch. 
hi),  chromatlri  plus  plHStln  1  and  Z,  nuclei  of  ^1  cl (tuiniAirrjiim :  3. 
hirundeUa  (after  Laut— >• '■    ' '--' '-'-  -•   ""-•  -*•— 


Flenunlng):  S,  nucleus  wltb  man; 

the  case  when  the  lines  of  the  framework  are  separated  by  con- 
siderable amounts  of  nuclear  fluid  (fig.  19,  i). 

The  chromatin  enters  into  close  relations  with  a  less  stainable 
substance,  the  plastiii  or  paranuclein  (also  sharply  distinct  from 
achromatin).  In  the  nuclei  of  Protozoa  plastin  and  chromatin 
are  usually  intimately  united,  the  first  forming  a  substratum  in 
which  the  latter  is  embedded  (clip).  The  united  substances 
are  most  frequently  closely  and  regularly  distributed  as  fine  gran- 
ules on  the  reticulum,  bo  that  the  entire  nucleus  appears  -uni- 
formly chromatic  (fig.  18).  More  rarely  the  mixture  collects  into 
one  or  more  special  bodies,  the  chromatic  nucleoli  (/,  2).  The 
nucleolus  is  ordinarily  a  rounded  body,  more  rarely  branched 
(fig.  19,  i). 

In  tne  nuclei  of  the  Metazoa  there  may  occur  the  same  intimate 
mi^iture  of  plastin  and  chromatin  (6).  As  a  rule,  however,  the 
plastin  (apparently  not  the  whole,  but  a  surplus)  is  separate  from 
the  chromatin.     Thus  there  occur  in  the  nuclei  of  many  eggs 
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Tiiicleoli  which  contain,  the  one  chromatin^  the  other  exclusively 
plastin  (4).  In  tissue  cells  only  the  plastin  has  the  form  of 
nucleoli  (true  or  chromatin-free  nucleoli,  5),  while  the  chromatin 
is  distributed  on  the  nuclear  reticulum  (chromatin  reticulum). 
Somewhat  the  same  may  occur  in  the  Protozoa  (fig.  19,  8). 

Significance  of  the  Cell  Nucleus. — For  a  long  time  the  func- 
tional significance  of  the  nucleus  in  the  cell  was  shrouded  in 
complete  darkness,  so  that  it  began  to  be  regarded,  in  comparison 
with  the  protoplasm,  as  a  thing  of  little  importance.  The  evidence 
that  the  nucleus  plays  the  most  prominent  role  in  fertilization  has 
altered  this  conception.  Then  arose  the  view  that  the  nucleus 
determines  the  character  of  the  cell ;  that  the  potentiality  of  the 
protoplasm  is  influenced  by  the  nucleus.  If  from  the  egg  a  definite 
kind  of  animal  develop,  if  a  cell  in  the  animal's  body  assume  a 
definite  histological  character,  we  are,  at  the  present  time,  inclined 
to  ascribe  this  to  the  nucleus.  From  this,  then,  it  follows  farther 
that  the  nucleus  is  also  the  bearer  of  heredity;  for  the  transmission 
of  the  parental  characteristics  to  the  children  (a  fact  shown  to  us 
by  our  daily  experience)  can  only  be  accomplished  through  the 
sexual  cells  of  the  parents,  the  ^gg  and  sperm  cells.  Again,  since 
the  character  of  the  sexual  cells  is  determined  by  the  nucleus,  the 
transmission  in  its  ultimate  analysis  is  carried  on  by  the  nucleus. 
This  idea  has  a  further  support  in  experiments  on  Protozoa.  If 
one  of  these  unicellular  animals  be  cut  into  nucleate  and  anucleate 
halves,  the  latter  sooner  or  later  degenerates,  the  former  persists 
and  regenerates  the  lost  parts.  Within  the  imcleus  it  is  probably 
the  chromatin  which  controls  the  functions  of  the  protoplasm  and 
is  accordingly  (as  observations  on  fertilization  also  seem  to  show) 
the  bearer  of  heredity,  while  the  achromatin  is  the  seat  of  contrac- 
tility, and  as  such  plays  a  part  in  cell  multiplication. 

The  Centrosome. — Besides  the  nucleus  there  frequently  occurs 
a  special  body  in  the  protoplasm,  the  centrosome,  which  on 
account  of  its  small  size  and  a  behavior  similar  to  achromatin 
with  reference  to  staining-fluids  was  long  overlooked,  and  even 
now  its  demonstration  is  difficult.  It  is  apparently  well  distributed 
among  the  Metazoa,  but  is  absent  from  most  Protozoa.  In  many 
it  appears  only  at  certain  times  and  then  disappears.  What  is 
known  of  it  makes  it  probable  that  it  is  a  derivative  of  the  nucleus, 
a  part  of  the  achromatin  which  has  left  the  nucleus;  in  other  cases 
possibly  a  second  nucleus  which  by  degeneration  has  lost  the 
chromatin  and  retained  only  the  active  nuclear  substance,  the 
achromatin.     In  its  function  the  centrosome  is  a  specific  organ  of 
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cell  diviBioa  which  controls  both  the  division  of  the  nucleiia  and 
that  of  the  cell  itself. 

Multiplication  of  Cells. — Increase  in  cells  occurs  exclusively 
by  division  or  by  budding  (gemmation).  Most  common  is  binary 
division  in  which  a  circular  furrow  appears  on  the  surface  of  the 
cell,  deepens  and  cuts  the  cell  into  two  equal  parts.  Multiple 
division  is  more  rare  and  can  only  occur  in  multinucleate  cells. 
Hero  the  cell  divides  simultaneously  into  as  many  (sometimes 
hundreds)  daughter-cells  as 
iV  _  there  were  nuclei  present.     In 

all  forma  of  division  the  simi- 
larity of  the  products  is  char- 
acteristic, while  in  budding  the 
resulting  parts  are  unequal. 
In  budding  one  or  more 
smaller  daughter-cells,  the 
buds,  are  constricted  front  a 
large  mother-cell  (fig.  30). 

Direct  Cell  Division.  — 
Every  cell  division  is  accom- 
panied by  nuclear  division  or 
Pto.  m-ceu  buddiEB.  p«topftfvi  (pm™*-  '^^  '«•"*  presumes  that  nuclear 
^^Mg**ft*'Sl;nMiS^'*"'*  °"^'^''*i8io"  has  previously  oc- 
curred. Direct  and  indirect 
division  are  recognized.  Direct  division  is  most  common  in 
Protozoa,  and  especially  in  nuclei  with  abundant  chromatin  (fig. 
20, 145),  The  nucleus  is  elongated  and  is  divided  by  constriction, 
in  the  same  way  that  the  cell  itself  constricts.  Since  the  proto- 
plasm has  no  special  arrangement  with  regard  to  the  dividing 
nucleus  (the  latter  besides  protected  by  its  membrane),  wo  must 
couclndo  that  the  nucleus  divides  itself  and  is  not  passively 
divided.  The  dividing  force  resides  in  the  achromatic  framework, 
which  correspondingly  often  exhibits  a  certain  arrangement,  a 
fibrous  structure  in  the  direction  of  the  elongating  nncleus. 

Indirect  Cell  Divlsloa,  Earyoklnesla. — Indirect  cell  division, 
karyokinesis  or  mitosis,  is  most  beautifully  shown  in  cells,  poor  in 
chromatin,  which  possess  a  centrosome.  The  process  is  introduced 
by  a  division  of  the  controaome  (fig.  21).  The  daughter  centro- 
Boroes  migrate  to  two  opposite  poles  of  the  nucleus,  which  now 
loses  ita  membrane  and  becomes  the  nuclear  spindle.  The 
characteristics  of  the  spindle  are  that  it  is  drawn  out  into  points 
at  two  poles  which  are  indicated  by  the  position  of  the  centro- 
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eomes,  while  from  tlieee  poles  liiio  threa<l8,  the  Bpindle-fibres, 
run  to  the  centre  or  equator  of  the 
nucleus.  These  fibres  are  in  many 
cases  certainly  derived  from  the 
achromatic  uuclenr  reticulum,  while 
in  others  a  greater  or  less  part  in 
their  formation  is  taken  by  the 
protoplasm.  A  debated  point  is  the 
relations  of  the  fibres  in  the  equa- 
torial plane  of  the  spindle.  Do  all 
the  fibres  extend  from  pole  to  pole  P 
Do  all  of  them  end  in  the  equatorial  F"?-  2i--8ptndio  formation  ond  divi. 

^  alon  ot  tbe  ceDtrowimes  In  Auratit 

plane.  SO  that  the  spindle  consists  of  megaloctjOiaia.    (After  Br«uer.i    f. 

'  '  r   I.I  -II  centrosomea:  ch.  cLrumosomes. 

two  cones  of  fibres  separated  at  the 

equator  ?  Or,  lastly,  are  fibres  of  both  kinds  present  in  the  same 
spindle  ?  It  would  appear  that  differences  e.iist  in  these  respects 
in  different  objects. 

All  of  the  chromatin  of  the  nnclens  lies  in  the  equator,  united 
in  the  'equatorial  plate,'  but  by  this  must  not  be  understood  a 
connected  muss  but  a  layer  of  separate  bodies,  the  chromosomes, 
for  the  chromatin  of  the  nucleus  divides  early  into  particles  which 
are  rarely  spherical  or  rodlike,  but  usually  have  the  shape  of 
U-shaped  loops.    These  chromosomes  are  of  equal  size  in  the  same 


Fto.  SS.— Cell  division  In  the  nkln  ot  Salamandra  inaaiiimi.   (After  RubL) 


cell,  and,  what  is  of  greater  theoretical  significance,  their  number 
is  identical  in  all  the  cells  of  all  the  tissues  of  one  and  the  same 
species. 
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The  first  step  in  the  karyokinetic  formation  of  the  daughter 
nuclei  is  the  division  of  the  chromosomes,  which  is  usually  com- 
pleted in  the  equatorial  plate  (division  of  the  equatorial  plate),  but 
occasionally  may  be  completed  at  an  earlier  stage.  .  The  division 
is  an  accurate  halving  (fig.  22,  h).  The  two  halves  of  a  mother- 
chromosome,  the  daughter  chromosomes,  now  travel,  under  the 
influence  of  the  spindle-fibres,  towards  the  opposite  poles  of  the 
spindle.  In  this  way,  by  a  splitting  of  the  equatorial  plate,  the 
lateral  plates  arise,  the  elements  of  each  uniting  and  producing 
the  daughter  nuclei.  The  centrosomes  remain  separate  as  division 
organs  for  the  next  nuclear  division  (fig.  22,  c,  d,  e). 

What  further  distinguishes  the  indirect  from  the  direct  cell 
division  is  the  active  participation  of  the  protoplasm.  The 
centrosome  is  the  centre  of  a  marked  radiation  of  the  protoplasmic 
reticulum  (fig.  21).  When  the  centrosome  divides  a  double  radia- 
tion (amphiaster)  appears.  Not  only  the  spindle-fibres  but  the 
protoplasmic  rays  extend  from  the  daughter  chromosomes.  Since 
the  arrangement  and  degree  of  development  of  the  protoplasmic 
radiations  stand  in  certain  relation  to  the  phases  of  cell  division 
we  must  recognize  in  them  the  expression  of  the  effective  forces 
(apparently  contractile)  in  the  protoplasm  which  caused'  cell 
division. 

Between  these  two  extreme  cases  of  direct  and  indirect  division  are 
all  possible  transitions  which  show  how  the  mechanism  of  nuclear  divi' 
sion  has  been  completed  step  by  step,  first,  by  the  fibrous  arrangement  of 
the  nuclear  reticulum  (spindle  structure) ;  second,  through  the  develop- 
ment of  the  centrosome  by  which  the  division  obtains  an  influence  on  the 
protoplasm ;  and  third,  by  the  development  of  the  chromosomes.  In 
reference  to  the  latter  the  irregular  division  of  the  chromatin  mass  in 
direct  division  is  relatively  crude  in  comparison  with  the  complicated 
processes  involved  in  the  formation  and  division  of  the  chromosomes. 
These  become  intelligible  if  we  regard  the  chromatin  as  the  controller  of 
the  cellular  processes  and  the  bearer  of  heredity  (f^.  fertilization,  ir^fra). 
The  more  highly  organized  the  animal,  the  more  its  cells  have  to  inherit 
and  the  more  important  it  is  that  the  physical  basis  of  heredity  should  be 
accurately  divided  in  amount  and  in  quality  between  the  daughter  cells. 
This  is  accomplished  by  mitosis. 

Nuclear  Fragmentation  is  to  be  distinguished  from  direct  division  ;  by  it 
the  nucleus  becomes  broken  up  into  numerous  parts  which  alone  cannot 
live  and  as  a  rule  degenerate.  A  typical  example  is  afforded  by  the 
breaking  up  of  the  macronueleus  during  conjugation  in  the  Infusoria 
(fig.  146). 

Multinuclearityy  Multicellularlty. — Nuclear  division  and  cell 
division  commonly  constitute  a  well-arranged  mechanical  process, 
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the  separate   phasee  of  which  follow  one   another  according  to 
1  definite   law.      The   plane   of   division   is   per 
,:>«ndicular    to    the    long    axis    uniting    the    tw( 
]>oles   of   the   spindle,      fiut   the   interrelation   o: 

toplasm  and  niicleuB  is  bj  no  means  an  unchange  r-t 

sble  and  indissoluble  one,  for  very  often  nucleai  / 

I  division   takes  place  without  participation  of  thi  , 

I  cytoplasm.      If   this   process  be   repeated   serera 

limes,  there  results  a  mass  of  protoplasm  with  man^  ) 

j  nuclei  (fig.  33),  which  now  on  its  part  may  becomi 
!   many  cells,  if  subsequently  the  protoplaam  divide:.  r   ' 

according  to  the  number  of  nuclei.  Hence  multi-  ^J^ii^i^  "mMj 
nucleated  protoplasmic  masses  are  transitional  stages  ""^^'e^' 
between  the  simple  mooonncleated  cell  and  a  collection  of  several 
mononncleated  cells,  and  in  consequence  of  this  are  sometimes 
regarded  as  the  equivalent  of  one  cell,  sometimes  as  equivalent  to 
many  cells,  and  are  called  sometimes  multinucleated  giant-cells, 
Eometimes  cell -complexes  or  syncytia.  In  the  following  pages  a 
multinucleated  moss  of  protoplasm  will  be  considered  as  a  single 
cell,  because  the  essential  feature  of  the  cell  is  that  it  constitutes  a 
^ital  unit,  it  has  a  physiological  indiyidnality,  and  in  this  respect 
a  multinucleated  mass  of  protoplasm  behaves  like  a  mononncleated ; 
as  the  tissue  cells  and  the  Protozoa  show,  the  plane  of  organization 
is  not  raised  in  the  least  by  the  nmltinuclearity.  A  change  only 
begins  at  the  moment  when  many  particles  of  protoplasm  are 
separated  from  one  another,  and  many  vital  units  are  formed.  I.e., 
when  in  place  of  multinuclearity  a  true  multlcellularlty  appears. 

11.  The  Tissues  op  the  Ahiual  Body. 

Definition  of  Tissue. — In  the  formation  of  tissues  two  processes 
are  operative:  (1)  the  multiplication  of  cells  by  means  of  division 
into  cell- complexes,  and  (3)  the  histological  differentiation  of  cells. 
A  tiasuB,  therefore,  can  be  defined  as  a  complex  of  differentiated 
cells  hiBlologically  similar. 

Nature  of  Histological  Differentiation — The  histological  differ- 
entiation consists  chiefly  in  that  the  cells  have  definite  form  and 
definite  position  relative  to  the  neighboring  cells;  in  addition, 
there  almost  always  occurs,  as  a  second  and  more  important 
feature,  the  histological  modification  of  the  cell.  The  fact  has 
already  been  mentioned  that  the  cell  uses  its  food-material,  not 
only  for  its  own  growth,  for  increase  of  its  protoplasm,  but  also, 
in  another  manner,  for  forming  substances,  protoplasmic  products. 
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either  in  its  interior  (intomal  plaamic  products),  or  more  often  on 

its  Burfaco  (external  plasmic  prodncts).     The  histological  change  is 

the  formation  of  specifically  functioning  plaswic  products.     If  we 

_  take  as  an  example  the  manner  in  which  a  cell 

t^  becomes  a  miiecle  fibre  (fig.  24),  we  see  that  it 

^^  continually  secretes  upon  Its  surface  new  fibrillee 

^^  of  specific  muscle  substance  (in  the  case  of  the 

^  vertebrates,  new  eroaa-atriated   muscle   fibrillie), 

,^  until  finally  the  remnant  of  the  formative  cell, 

the  muscle  corpnscle,  is  contained  in  a  mantle  of 

muscle  fibrillea.      In   an    aniilogous   way,   each 

I  tissue,  upon  histological  exumination,  is  seen  to 

be  composed  of  cells  and  plasmic  products.     The 

former  control  the  formation,  the  renewal,  and 

the  sustenance  of  the  tissue;  the  latter  are  tlie 

agents  of  its  physiological  function.    The  advau- 

tasfes  of  tissue  formation  are  far-reaching,  since 

F  m.   21.—  FormAtlon       °  ^ 

of  muscle  flbriis  In  in  general  they  arc  connected  with  divi.'ion  of 

Kmm.)    n,'  formir  lal)or  (frequently  referred  to  later).     So  long  as 

live  cell' witJi  two  the  Cell  unites  in  itself  all  the  vital  functions, 

a'iedmu^ieflbrtbij  these    are    incomplete    because    they    mutually 

with"™!? m e r o'u B  hinder  each  other  in  their  free  development;  the 

muBc  Bun  plasmic  product,  on  the  other  hand,  has  only  the 

single  function  peculiar  to  it  and  can  therefore  discharge  its  duties 

with  greater  completeness.    The  muscle  fibrillse,  the  characteristic 

elements  formed  by  the  muscle  cells,  have  preserved  of  the  various 

properties  of  protoplasm  only  the  capability  of  contraction;  but 

this  power  of  contraction  is  much  more  energetic  and  stronger  tliun 

the  mere  movement  of  protoplasm.     Tlie  nerve  fibrillse  serve  only 

for  the  transmission  of  stimuli,  but  in   an  extraordinarily  more 

rapid  and  orderly  manner  than  does  simple  protoplasm. 

Classification  of  Tissues. — Since  in  every  tissue  its  function 
interests  ua  most,  it  would  be  natural  to  base  the  classification  of 
tissues  upon  the  function  and  the  intimate  structure  connected 
therewith.  For  a  long  time  the  tisanes  liave  been  arranged  in  four 
groups:  1.  Epithelial  tissue;  2.  Supporting  tissue;  3.  Muscular 
tissue;  4.  Nervous  tissue.  Within  these,  however,  certain  con- 
stituent parts  of  the  animal  body,  to  which  indeed  the  term 
'  tissue '  is  scarcely  applicable,  find  no  shelter :  these  are  the  sexual 
cells,  the  blood,  and  the  lymph.  The  former  may  be  spoken  of 
in  connexion  with  the  epithelium,  the  latter  in  connexion  with 
the  supporting  substances. 
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I  •  Epithelial  Tissues. 

Morphology  of  Epithelial  Tissues. — On  several  grounds  the 
epithelia  must  be  considered  first.  They  are  the  oldest  tissues; 
they  are  the  first  to  appear  in  the  animal  kingdom,  there  being 
animals  which  consist  only  of  epithelia.  Further,  each  separate 
organism  during  the  first  stages  of  embryonic  life  consists  only  of 
epithelial  layers,  the  germ -layers.  With  this  is  also  conneq^^the 
fact  that  in  epithelial  tissues  the  cells  have  umlergone  th^east 
degree  of  histological  change,  and  that  the  formation  of  plasmic 
products  is  subordinated. 

Function  of  Epithelium. — The  most  important  purpose  of  the 
epithelium  is  to  form  a  protecting  and  excluding  covering  over 
surfaces,  equally  valuable  whether  the  surfaces  are  external  (surface 
of  the  body)  or  caused  by  cavities  in  the  interior  of  the  body  (thp 
body  cavity,  lumen  of  the  gut  and  blood-vessels).  The  importance 
of  the  epithelia  in  this  respect  is  shown  by  the  fact  that  if  the 
protecting  layer  be  removed,  inflammation  arises  and  continues 
until  the  epithelium  is  regenerated.  Only  exceptionally  do  areas 
occur  which  are  free  from  epithelium;  the  teeth  of  vertebrates,  the 
antlers  of  stags,  are  parts  of  the  body  which,  on  account  of  their 
hardness,  can  exist,  at  leapt  for  a  more  or  less  considerable  time, 
without  epithelial  covering. 

Glandular  and  Sensory  Epithelia. — By  their  superficial  posi- 
tion epithelia  are  suited  for  presiding  over  two  other  functions:  all 
substances  which  ought  to  be  removed  from  the  body — some 
because  they  have  become  useless,  and  consequently  injurious 
(excreta),  and  others,  as,  for  example,  the  digestive  fluids,  because 
they  have  to  perform  important  functions  (secreta) — must  pass  the 
surface,  and  are  therefore  separated  by  the  epithelia;  these  are  the 
glandular  epithelia.  Further,  all  influences  of  the  external  world 
chiefly  impress  the  surface  of  the  body,  causing  sensations;  hence 
also  certain  epithelia  are  of  the  greatest  importance  for  the  recep- 
tion of  sensory  stimuli,  and  serve  for  hearing,  seeing,  smelling, 
tasting,  and  touching.  Such  areas  of  epithelium  are  called  sensory 
epithelia. 

Covering  Epithelium. — The  covering  epithelium  consists  of 
cells  which,  in  order  to  serve  the  function  of  the  tissue,  are  united 
by  a  small  quantity  of  cementing  substance.  We  speak  of  simple 
or  of  stratified  epithelia,  according  as  we  find  in  sections  running 
perpendicularly  to  the  surface  one  or  several  superimposed  layers 
<figs.  25,  26,  27). 
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Simple  Epithelium.  —  Exclusively  one-lajored  epithelia  are 
focnd  in  all  luvertebrated  aDimalB  and  in  Amphiozus;  in  the 
vertebrates,  on  the  other  hand,  they  are  limited  to  the  internal 
cavities  of  the  body,  and  even  here  are  occaaioually,  as  always  in 
tlie  akin,  replaced  by  a  many-layered  epithelium.     According  to 


^S& 


Fia.  SS  — VarlooB  forma  of  epithella.  o,  flattened  epfthellnm  ot  Syeandra  raphnnvr, 
'('  In  croaa  Bectlon,  n"  In  mrfftcB  view ;  6  and  t.  cuholdftl  and  columnar  eplthi^- 
liamof  a  mollusc  (Hallnfb  f iilicrruliif a) :  d,  flaeellated  epithelium  ot  an  actlnian 
iOiUinetti  paTatUlra'<;  e.  ciliated  epithelium  from  tUe  Intestine  of  the  fresh-waler 
muBsel;  /,  epithelium  (e)  with  cuticle  (c)  of  Clmbex  curonatvn  (a  wasp). 

the  shape  of  the  cells  we  distinguish  cubotdal  or  pavement,  flat, 
and  columnar  epithelium.  In  the  case  of  pavement  epithelium 
{fig.  25,  5)  the  cells  are  all  developed  about  equally  in  all  direc- 
tions of  space,  and  because  they  have  become  compressed  by 
lateral  pressure  have  the  appearance  of  cubical  blocks  or  paving- 
stones.  In  columnar  epithelium  the  long  axis,  the  distance  from 
the  deeper  to  the  peripheral  end  of  the  cell,  is  especially  great 
(fig.  25,  c);  finally,  in  flat  or  squamous  epithelium  this  is  greatly 
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shortened  (fig.  25,  a)  and  the  separate  cells  have  become  changed 
into  thin  plates. 

Flagellated  and  Ciliated  Epithelia. — Farther  differences  which 
obtain  in  the  three  kinds  of  epithelium  mentioned  above  are 
caused  by  the  presence  or  absence  of  processes  (cilia,  or  flagella) 
on  the  peripheral  end  of  the  cells.  Both  are  fine  threads  which 
arise  from  the  body  of  the  cell,  extend  above  the  surface  and  here 
maintain  an  extremely  lively  motion.  In  case  of  fiagj|llated 
epithelium  (fig.  25,  d)  each  cell  has  only  one  \%ratile  projection, 
but  this  is  strongly  developed ;  in  the  case  of  ciliated  epithelium 
(fig.  24,  c),  on  the  other  hand,  the  surface  of  the  cell  is  covered 
with  a  thick  forest  of  minute  threads  moving  in  nnison. 

Cuticle. — The  majority  of  the  one-layered  epithelia  are  covered 
by  a  cuticle,  a  membrane  which  is  secreted  by  the  epithelial  cells 
in  general,  and  hence  very  frequently  shows  the  impression  of  the 
cells  as  polygonal  markings.  In  many  cases  thin  and  inconspic- 
uous, it  may  in  other  instances  become  thickened  into  a  very  con- 
aide^ble  layer,  much  thicker  than  the  matrix  layer  of  epithelium 
which  secretes  this  cuticle.  The  cuticle  is  plainly  composed  of 
layers  parallel  with  the  surface,  and  forms  a  more  effective  protec- 
tion for  the  surface  of  the  body  than  does  the  epithelium;  it 
becomes  a  protective  armor,  as  shown,  among  other  examples, 
by  the  calcareous  shells  of  molluscs  and  the  chitinous  integument 
of  insects  (fig.  25,  /). 

Stratified  Epithelia. — The  protection  furnished  by  the  cuticle 
in  the  case  of  simple  epithelium,  may  in  the  stratified  be  obtained 
immediately  through  a  chemical  change  of  a  part  of  the  cells 
themselves.  In  the  stratified  epithelia  the  cells  of  the  various 
layers  always  can  be  distinguished  by  their  form.  The  deepest 
layer  consists  of  cylindrical  cells;  the  superficial,  on  the  other 
hand,  of  more  or  less  flattened  elements;  between  lie  several  layers 
of  transitional  forms,  so  that  starting  from  the  cylindrical  cells  we 
gradually  pass  through  the  cubical  cells  to  the  flat  cells  of  the  sur- 
face. As  this  arrangement  shows,  there  exists  a  genetic  con- 
nexion between  the  cell-layers:  the  lower  cylindrical  cells  are  in  a 
state  of  active  multiplication;  their  descendants,  with  gradual 
changes  of  form,  become  the  superficial  layers,  here  to  replace  an 
equal  quantity  of  worn-out  cells  (fig.  26). 

In  the  course  of  this  change  of  position,  the  protoplasmic 
bodies  may  undergo  an  alteration;  in  the  reptiles,  birds,  and 
mammals  (fig.  27)  they  became  cornified,  first  the  margins,  then 
the  inner  part  of  the  cell,  changing  into  horn.     Of  the  living  cell 
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the  nucleus  remaina  for  some  time,  until  at  length  this  vanishes, 
and  then  the  cell  becomes  completely  chaDged  into  a  dead,  horny 
scale.  In  the  skin  of  the  higher  vertebrates  the  zones  of  the  living 
protoplasmic,  and  the  cornified  cells  no  longer  capable  of  life,  are 
sharply  marked  off  from  one  another.  In  cross-section  they  are 
readily  distinguished  as  the  stratum  corneum  {^c)  and  the  stratum 

B      21         ^  cy 
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Fin.  £T.  -  Ktratlfled  eplthe- 
lluiD  o(  QutD.  lAf,  Btrstum 
MalplRhl;   «c.  atratum  cor- 


epldennls.  Including  B,  goblet  ci 
Iftr  cells;    Ko,  O..  derm*   <wlUi    ui.biu-«ki 
U).  ronaJBting  of  bundles  of  flbrlli^  running  ) 
mntally  i  W)  and  verllcftlly  (S),  (From  Wlei 


d,  goblet  cellB. 


Malpighi  (sM)  of  the  skin  (fig.  27).  In  the  maiiy-layeted  epithelia 
the  cuticle  has  lost  its  importance,  and  it  is  either  an  inconspicu- 
ous boundary  line  or  is  entirely  absent. 

Glandular  Epithelium. — Glandular  epithelium  is  distinguished 
physiologically  from  ordinary  pavement  epithelium  by  the  fact 
that  it  also  produces  secretions  or  excretions;  anatomically  it  is 
recognizable  by  the  presence  of  '  gland  cells,'  cells  which  carry  on 
the  secretion  and,  to  a  greater  or  less  extent,  reveal  their  character 
by  their  structure.     Characteristic  glandular  cells  are,  for  example. 
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the  goblet  cells;  here  the  secretion,  usually  miicns,  is  collecteil  as 
a.  clear  mass  in  the  interior  of  the  cell,  the  cytoplasm  being  com- 
preseed  into  a  thin  external  wall,  reminding  one  of  a  goblet  con- 
taining the  nucleus  at  its  base  (lig.  36,  38,  d).  Other  gland  cells 
are  the  granular  cells,  swollen  bodies  completely  filled  with  secre- 
tory granules  (fig.  26,  Ka).  Naturally  all  grades  of  transition 
between  pavement  and  glandular  epithelium  occur.  Commonly 
the  latter  name  is  only  employed  when  the  gland  cells  are  especially 
numerous,  thereby  giving  to  the  epithelial  area  a  pre-eminently 
secretory  character.  This  is  especially  the  case  with  the  structures 
which  have  the  name  of  glands,  among  which  we  distinguish 
unicplJular  and  multicellular  glands. 

Unicellular   Glaods. — Unicellular    and    multicellular    glands 
increase  the  secretory  surface  by  invagination.     Invagination  of  a 
single  cell  produces  the  unicellular  glands  which  are  chiefly  found 
among   the   invetebrate  animals  (fig. 
39);    a   gland   cell   here   becomes   so 
enormons  that  there  is  no  room  for  it 
in  the  epithelium,   but  it  is  pushed 
into    the    deeper,    the    subepithelial 
layers,   the  nucleated  cell  body,  dis- 
tended   by  secretion,   sending  up    a 
slender     process,    the    duct,   to    the 
epithelial  surface. 

HalticelluIaT  Glands lu  the  for- 
mation of  multicellular  glands  a  con- 
siderable area  of  glandular  epithelium 
grows  as  a  cylindrical  cord  or  tube 
from  the  surface  down  into  the  deeper 
tissues:     this    cord    of    cells    seldom fio- ^—UniceUuiaj  BUncU  from 

.    '        ,         ,  .  ,,       ,  ,  Hdgu  of  the  mnntle  of  HtUx  p-i- 

remains   simple;   it   usiially  branches    maiw.  i,  apitheHuro;  rf,  uniceliu- 

'  J         1       J  Iftr  glsnda;  p.  pigment  ccUb. 

and    forms    the     compound    glands, 

which  may  consist  of  hundreds  or  thousands  of  glandular  sacs,  all 
emptying  into  a  common  duct.  Among  the  multicellular  glands 
are  to  be  distinguished  tubular  and  acinous  (racemose)  forms.  In 
tubular  glands  (fig.  30)  the  simple  or  branched  glandular  pouches 
preserve  the  same  tubular  diameter  from  beginning  to  end;  in  the 
acinous  glands  (fig.  31),  on  the  contrary,  the  blind  end  of  the 
glandular  pouch  wi<lcn8  into  a  sac  (acinus),  largely  composed  of 
secretory  cells,  and  related  to  the  outer  part  of  the  glandular 
pouch,  the  duct,  as  grapes  are  to  their  stem.  To  tho  tubular 
glands  belong  the  liver,  kidney  and  sweat  glands  of  man;  to  the 
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acinous  belong  the  saliTary  glands,  not  onlj  of  the  yertebrates,  but 
also  of  the  arthropods  and  molluBcs. 


FlO.  aO  — TDbnlsr  glands.  (After  Toldt.)  A,  KlandB  of  LleberkDbn  from  the  hnmaii 
Intestine:  ^',  of  the  conlunctlvaot  the  eye:  £,  of  the  cat's  atomBch;  C,  from  the 
roedullary  pyramids  of  the  dog's  kidney;  i>,  from  the  cortex  ul  the  rabble's 

Sexual  Epitheliam. — The  sexual  cells  may  be  considered  tn 
connezion  with  glandular  ^ithelinm.    As  the  secretion  of  some 


Fio.  81.-AcinoDB  > 


Inl  the  nuclei  and  bouDdarles  ol 


glands  must  be  expelled  from  the  body,  so  the  sexual  cells  are 
elements  which  diSer  from  the  rest  of  the  organism,  and  must 
reach  the  exterior  in  order  to  perform  their  function.    Just  as  the 
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gland-cells  are  nsaallj  scattered  among  ordinary  epithelial  cells, 
so  the  sexual  cells,  almost  without  exception,  lie  embedded  in 
epithelium;  it  maybe  in  the  epithelium  of  the  Bkin  (fig.  33),  of  the 


Pto.  s:.— Cermlnkl  epitlielluin  ot  a  medusa,    tk,  ectoderm -.  en.  eoMderm  ;  n.  egg; 
e.  epithelium. 

gut,  of  the  body  cayity,  or  of  parts  cut  oS  from  this  (fig.  33). 
This  connexion  of  the  sexual  cells  with  the  epithelium  has  a 
deeper  meaning  in  the  fact  that  many  orgaDisms,  and  particularly 
organisina  of  low  structure,  consist  exclusively  of  epithelia  and 


PiO.  Sa,— Bectlon  thronBh  the  ovarj-  of  n  new-bnm  child.    (Aftir  Wnldeyw.)    m, 
Kennlnal  epItheUnm:  iw.  Drtmltlve  oku  In  the  germinal  epithelium;  p.  egS'pouch; 

fteKS-DeBt  ouHBtrioted  off  (rom  the  pouobUke  BTOWlh  (jj);  /,  glngle  egg  with  (ol- 
cle;  c,  blood-veueL 

therefore  must  necessarily  develop  their  sexual  products  in 
epithelium.  In  other  words,  sexual  and  epithelial  cells  are  the 
oldest  elements  of  the  animal  body,  and  hence  very  early  came 
into  relation  with  one  another. 

Sexual  epithelium  (or,  as  it  is  often  called,  germinal  epithe- 
lium) like  glandular  epithelium  has  a  tendency  to  grow  into  the 
subepithelial  tissues  in  the  form  of  isolated  or  branching  tubes 
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(figs.  S3,  p,  34).  and  thus  io  many  groups  of  animals  the  sexual 
organs  bear  the  character  of  branched 
glands;  for  tliis  reason  one  speake  as  often 
of  sexual  glands  as  of  sexual  organs  (fig.  34). 
The  male  and  female  cells,  the  specific  ele- 
ments- of  tlie  germinal  epithelia  and  of  the 
Bexual  glands,  differ  in  the  fact  that  tho  eggs 
are  geuerally  the  largest,  the  spermatozoa 
the  smallest,  cells  of  the  animal  body. 

Egg-cell — The  egg-cell  (fig.  35)  as  it  is 
formed  in  the  ovary  varies  in  size  according 
to  the  animal  group:  in  case  of  the  micro- 
scopic Oastrotriclia  it  is  less  than  0.04  mm., 
in  man  about  0.3  mm.,  in  the  frog  several 
millimetres,  and  in  the  large  birds  often 
several  inches;  however,  only  the  yolk  of  the 
bird's  egg  is  tho  egg-ceU.  the  white  of  the 
egg  and  the  shell  are  structures  which  are 
formed  outside  of  the  ovary  in  the  oviduct. 
These  remarkable  differences  iu  size  are 
caused  less  by  tho  quantity  of  the  peculiar 
cell-substance,  protoplasm  (formative  or 
primary  yolk),  than  by  the  accumulation  of 
deatoplasm    (food   or   accessory  yolk,   aLto 


n  tube  of  Mi  insect,  Vanema  vrttri 

epithelium;  c.  nutritive  colls;  d,  eBB-cellB;  /.  fli 
tfie  terminal  hbrea((D.    (After  nftldeyer) 
FlO,  at.— Egs-cell  of  StrnnmVxtntTnlut  [(ridiM. 

briefly  called  yolk).  The  function  of  the  deutoplasm  is  to  nourish 
the  embryo  during  development,  and  hence  consists  of  substances 
rich  in  fat  and  proteid,  arranged  in  spherical  oil-drops,  or  in  fine 
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granules  or  polygonal  bodies,  the  yolk-granules.  Its  quantity, 
and  therefore  the  size  of  the  egg,  is  in  part  proportional  to  the 
length  of  time  which  the  egg  is  cut  off  from  any  other  supply  of 
nourishment.  In  general  we  find  the  largest  eggs  in  the  case  of 
the  highly  organized  oviparous  animals,  where  a  long-continued 
course  of  dcTelopment  is  necessary  to  lay  the  foundation  of  the 
manifold  organs.  Besides  the  protoplasm  and  deutoplasm,  a  cell 
nucleus  or  germinal  vesicle  (sometimes  visible  to  the  naked  eye) 
surrounded  by  a  membrane  always  occurs  in  the  egg.  Its  contents 
are  mainly  the  nuclear  fluid,  through  which  is  distributed  an 
achromatic  network,  and  in  addition  the  nucleolus,  called  also 
the  geiftiinal  spot.  Often  there  are  multinacleolated  germinal 
vesicles,  especially  in  eggs  which  contain  very  much  yolk. 

The  Spermatozoa^  the  morphological  elements  of  the  male 

reproductive  product,  are  so  small  that  their  finer  structure  can  be 

studied  only  with  the  strongest  powers  of  the  microscope  (fig.  36, 

a  and  /?).     Easiest  to  recognize  in  them  is  the  head,  which  from 

a         j9 
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Fio.  96  —Various  spermatozoa,  a,  of  the  night-hawk;  fi,  of  the  flrreen  frog;  y,  of  the 
crayfish ;  ft,  of  a  crab ;  t,  of  the  round  worm  {AacarU).  n,  nucleus ;  m,  middle 
piece ;  8,  flagellum ;  h,  homogeneous  body. 

its  variety  of  form — spherical,  oval,  sickle-shaped,  etc. — often 
renders  possible  the  specific  determination  of  the  spermatozoa. 
The  head  is  the  closely  compacted  chromatic  part  of  the  nucleus, 
and  hence  colors  very  deeply  in  staining  fiuids.     Next  comes  an 
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aDBtaining  second  part,  tbe  middle  piece,  and  then  the  tail,  a  long 
flageUnm,  which  causes  the  active  motility  of  tbe  ripe  sperma- 
tozoon. Cytoplasm  is  usually  present  only  in  an  extremely  thin 
layer  surrounding  tbe  nucleus. 

The  spermatozoa  of  nearly  all  animals,  except  tbe  nematodes 
and  crustaceans,  are  constructed  accordiug  to  this  type.  In  these 
two  groups  it  is  worthy  of  notice  that  the  apermatozoa  are 
remarkably  large  and  incapable  of  motion,  and  that  they  encloee  a 
homogeneous  strongly  refractive  body  (fig.  36,  k),  previously  not 
found,  the  significance  of  which  is  not  clear.  The  spermatozoon 
of  Ascaris  (fig.  36,  e)  has  the  form  of  a  sugar-loaf  with  a  broad 
rounded  end,  containing  the  nncleus;  the  spermatozoon  of  the 
crayfish  (fig.  36,  y),  on  tlie  other  hand,  has  the  shape  of  a  cake- 
pan,  from  whoee  periphery  springs  a  circle  of  fine,  stiff,  and 
pointed  fibres. 

The  two  kinds  of  spermntozoa  found  in  a  few  animnts  nre  problem- 
nticAl.  In  tbe  testis  of  one  and  tbe  same  indiTidunl  of  Paiudina  vivipara 
occur  together  hair-like  spermatozoa  witli  corkscrew  hi-jiila  and  vermiform 
spenuntozoa  niih  n  bunch  of  cilia  on  tbe  hinder  end.  Tlic  first  accomjilUtt 
fertilizalion  ;  the  physiological  significance  of  tbe  sci^oud  is  unknown. 

The  last  modification  of  epithelium  nf  which  we  have  to  speak 
is  sensory  epithelinm,  characterized  by  the  connexion  of  certain 
of  its  celts,  the  sensory  cells,  with 
the  finest  twigs  of  branching  nerves 
which  arise  in  the  central  nervou^i 
system.     This  connexion  may  he  cf 
two   kinds.      In   the   first   the  cell 
(primary  sense  cell)  is  slender  and 
I   filiform-,  the  position  of  the  nucleus 
being  indicated  by  a  swelling.     The 
peripherul   end    is   concerned   with 
the  rec<^ption  of  sensatory  stimuli, 
while  the  deeper  end  is  continued 
directly  into   the    nerve   ends  and 
correspondingly  is  branched  into  two 
or  more    extremely  fine    processes 
'  epiiheuum.  .  of  an  which  take  on    the    character    of 
aXrifV.'2r.i!^Sp°J^?S^,"oX  nerve  fibrillB    (fig.    37).      In    the 
miieneory cells.  socond  type  the  seoBOry  nerve  ends 

in  a  ganglion  cell  beneath  the  epithelium,  which  sends  processes 
into  Oie  latter,  the  ends  of  these  being  applied  to  the  sensory  cell 
(secondary  sense  cell),  the  connexion  being  one  of  contact,  not  of 
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continuity.  In  both  the  peripheral  end  of  the  cell  bears  appen- 
dages for  sense  perception;  auditory  and  tactile  hairs,  stronger 
processes  in  the  case  of  olfactory  and  taste  cells,  conspicuous  rods 
in  visual  cells.  Almost  without  exception  the  sensory  cells  are 
part  of  the  skin  (ectoderm),  or  at  least  arise  from  it  in  develop- 
ment. This  is  true  for  sense  organs  like  the  eye  and  ear  of  verte< 
brates,  which  are  separated  from  the  skin  by  thick  intermediate 
tissue,  for  in  these  the  sensory  epithelium  (retina,  crista  acustica) 
is  derived  from  the  ectoderm. 

Supporting  Cells. — In  the  region  of  the  sensory  epithelmm 
and  between  the  sensory  cells  are  found  still  other  epithelial  cells, 
which  are  not  connected  with  nerves,  but  have  accessory  functions: 
they  serve  as  supports  for  the  sensory  cells;  in  the  eyes  they  con- 
tain pigment;  in  the  auditory  organs  they  often  bear  the  otoliths, 
etc.  They  have  the  general  name  of  supporting  or  sustentative 
cells. 

2.  Connective  Tissues. 

Contrast  of  Epithelium  with  Connective  Tissue. — From  a  his- 
tological point  of  view  there  can  be  found  no  greater  difference 
than  exists  between  epithelium  and  connective  tissue;  the  former 
belongs  to  the  surface,  the  latter  to  the  interior  of  the  body;  in 
the  former  the  cells  play  the  chief  role,  in  the  latter,  on  the  con- 
trary, their  importance  is  subordinate  to  the  plasmic  products,  the 
*  intercellular  substances  ^  which  chiefly  determine  the  character 
of  the  various  kinds  of  connective  tissue. 

In  spite  of  this  contrast  the  connective  tissues  are  genetically 
connected  with  epithelium.  In  embryos  which  at  first  consist 
only  of  epithelia  the  connexion  can  be  directly  seen.  The 
epithelia  secrete  a  gelatinous  substance  from  their  deeper  surfaces 
into  which  separate  cells  migrate.  Thus  arises  the  embryonic 
connective  tissue,  the  mesenchyme  (fig.  107). 

Function  of  Connective  Tissue. — The  primary  function  of  con- 
nective tissue  is  to  fill  the  spaces  between  the  various  organs  in 
the  interior  of  the  body,  thus  connecting  not  only  the  single  parts 
of  the  organs,  but  also  the  various  organs  themselves.  In  conse- 
quence of  this  the  connective  tissues  contribute  to  the  firmness  of 
body,  and  are  frequently  employed  in  building  up  a  skeleton.  To 
accomplish  this,  substances  which  are  usually  firmer  than  proto- 
plasm are  formed  on  the  surface  of  the  cells,  and,  since  they  lie 
between  the  cells,  these  are  called  intercellular  substances.     In 
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proportion  as  the  intercellular  substance  increases  in  Tolume  the 
cells  themselves  diminish  and  become  inconspicuous  corpuscles, 
the  connective-tissue  corpuscles,  or,  as  seldom  happens,  entirely 
disappear.  Since,  in  the  connective  tissues,  the  intercellular  sub- 
stances are  most  important,  it  is  readily  understood  that  the  dis- 
tinctions between  the  various  kinds  of  connective  tissue  rest  chiefly 
upon  the  differences  of  this  intercellular  substance.  The  foUov^ing 
forms  are  to  be  distinguished:  (1)  cellular  connective  tissue;  (2) 
homogeneous  connective  tissue;  (3)  fibrous  connective  tissue;  (4) 
cartilage;  (5)  bone. 

Cellular  Connective  Tissue  shows  the  characteristics  of  the 
group  least  distinctly.  It  owes  its  name  to  the  fact  that  the  cells 
make  up  the  chief  mass,  while  the  cell-products  are  inconsiderable. 
The  cells  are  large  and  vesicular  bodies  which,  like  plant  cells,  are 
closely  pressed  together  and  are  consequently  polygonal  (fig.  38). 
They  have  secreted  between  them  a  firm  but  thin  layer  of  inter- 
cellular substance. 


Fia.  88.— CeUular  connective  substance. 
Cross-section  through  the  notochord 
of  a  newly  hatched  Trout. 


Fio.  j39. —Homogeneous  connective  sub- 
stance of  Sycandra  raphanun,  (After 
F.  E.  Schulze.) 


Homogeneous  Connective  Tissue. — In  the  case  of  homogeneous 
connective  substance  the  intercellular  substance  (or  matrix)  is 
usually  present  in  considerable  quantity  as  a  transparent  mass, 
nearly  invisible  under  the  microscope,  sometimes  soft  like  jelly, 
often  firmer  (fig.  39).  The  gelatinous  cells  lying  in  it  are  either 
spherical  or  send  branching  processes  into  the  matrix.  Such 
processes  may  unite  to  form  meshes  which,  like  a  pseudopodial 
network,  unite  cell  to  cell.  Frequently  the  matrix  contains,  in 
addition,  isolated  firm  fibres  or  threads,  which,  on  account  of 
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their  pliysieal  charactoriatics,  are  called  elastic  flbrcH,  aad  conBirt 
of  a  BubBtauce  (elastin)  exceedingly  reBistant  to  all  reagoiitfl. 
Finally,  in  the  matrix  there  may  develop  the  finer  connective- 
tisBuo  fibrils,  the  characteristic  element  of  the  next  group;  they 
may  become  so  prominent  by  increase  in  number  as  to  determine 
the  character  of  the  tissue. 

Fibrous  Conttcctive  Tissue  is  characterized  by  the  rich  supply 
of  connective-tiflsce  fibrillffi;  these  are  fibres  of  extraordinary  fine- 
neBB,  lying  in  a  homogencons  baaal  substance,  which  is  the  less 
evident  the  richer  it  is  in  fibres.  The  fibres  may  be  either  con- 
fusedly arranged,  crossing  in  all  directions,  or  may  run  esaenttally 
parallel  and  in  a.  definite  direction.  Between  them  are  found  the 
rounded,  spindle-shaped  or  branched  connective- tissue  corpuscles 
{fig.  40).  It  is  characteristic  of  vertebrates  that  the  fibres  are 
grouped  into  bundles.  Each  bundle  is  generally  surrounded  by 
coniiective-tiBBue  corpascleB,  metamorphosed  into  flat  cells.     The 


Fta.  40.— Fibrous  connective  Uaiiue  of  kd 

bundles,  loosely  interwoven,  run  in  all  direction  (areolar  connec- 
tive tissue,  'cellular  tissue'  of  the  earlier  authors)  (fig.  41),  or 
they  may  be  almost  parallel,  forming  a  compact  mass  of  fibres 
(tendinous  tissue)  (fig.  42).  Since  the  fibrils  of  the  fibroas  con- 
nective tissue  of  the  vertebrates  have  another  peculiarity  not  met 
with  elsewhere,  in  that  they  are  composed  of  glutiu,  and  upon 
boiling  become  gelatine  or  glue,  it  is  well  to  reserve  for  these 
forms  of  tissue  the  special  name  connective  tissue. 

Elastic  Tissae.— In  all  fibrous  connective  tiseue   there  may 
appear,  as  a  further  constituent,  elastic  fibres;  they  may  indeed 
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supplant  the  ordinary  connective-tissue  fibrils  and  become  the 
predominant  element  of  the  connective  tisBue,  which  is  then 
spoken  of  tiB  elastic  tissue. 


FiO.  43.~TendtnouH  tlBnue.    (Alter  Gegenbaur.) 

Fio.  43.— C&rtllage.  (AIt«r  Qegenbaur.)   c,  perlcbondrlum ;  b,  tr&DHitloTi  Into  typical 

Cartilage. — Cartilage  and  bone  are  likewise  tissues  which  find 
their  characteristic  development  only  in  the  vertebrates.  In  its 
appearance  cartilage  is  similar  to  the  homogeneous  connective 
substance  of  many  invertebrated  animals;  the  matrix  is  homo- 
geneous and,  at  first  glance,  appears  quite  structureless  (fig.  43), 
but,  under  the  action  of  certain  reagents,  assumes  a  fibrous  condi- 
tion. This  conduct,  as  well  as  the  fact  that  the-  cartilage  grows 
through  changes  of  the  perichondrium,— a  thin,  fibrillar  akin 
covering  its  surface, — makes  it  more  certainly  evident  that  it  is 
homogeneously  fibrillar;  and  it  is  thereby  distinguished  from 
homogeneous  connective  substance  since  it  is  not,  like  the  latter, 
a  lower  but  a  higher  stage  of  tissue  formation.  It  is  worthy  of 
note  that  the  matrix  of  cartilage  (chondrin)  by  cooking  produces 
a  kind  of  glue  which  differs  from  true  or  glutin  glue  in  that  it  is 
precipitated  by  acetic  acid.  In  the  matrix  the  cartilage  cells  lie 
united  in  groups  and  nests,  a  mode  of  grouping  pointing  to  their 
origin,  since  each  group  of  cells  has  arisen  from  a  single  mother- 
cell  by  successive  divisions.  In  cartilage  also,  elastic  fibres  are 
found;  if  present  in  great  number,  these  change  the  bluish  shiny, 
hyaline  cariilage  into  the  yellow-colored  elastic  cartilage. 

Bone  is  the  most  complicated  strncture  ia  the  series  of  connEsc- 
tive  tissues.     It  consieta  of  a  matrix  (ossein),  closely  allied  to 
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gliitin,  BO  intimately  combined  with  inorganic  constituents  that  it 
appears  under  the  micmacope  as 
a  homogeneous  mass.  The  propor- 
tion of  organic  and  inorganic  enb- 
stances  variea  according  to  the  age 
and  species  of  animal:  in  man,  for 
example,  there  is  65*  inorganic  to 
35^  organic  substance ;  iu  the 
turtle,  63-^  to  37*.  Of  the  in- 
organic constituenta,  the  most  im- 
portant is  calcic  phosphate,  Si*; 
in  smaller  quantities,  combinationa 
of  fluoric,  chloric,  carbonic  acids 
and  magneaia.  Morphologically  / 
the  matrix  ia  composed  of  the  bone 
lamellte  (fig.  4i),  whose  arrange- 
ment is  determined  by  the  surfaces 
present  in  and  upon  the  bone.  In 
a  hollow  bone  (like  that  of  the  ^ 
upper  arm  or  of  tlie  hand)  there  is 
an  outer  surface  to  which  a  fibrous 
skin,  the  bone-skin  or  periosieuiii, 
is  closely  applied:  the  presence  of 
the  marrow-cavity  necessitatea  n 
second  surface.  Finally,  the  solid 
mass  of  the  bone  is  permeated  by 
the  Haversian   canals,  which  run 

chiefly  in  a  longitudinal  direction,  p,^  4i.-Cr<.B«*ctioD  through  tho 
united  into  a  network  by  cross  or  S»XliSf'Sr,le^"^tl,i'irbf^u*;^.«"o 
oblique  canals,  and  serve  for  the  ^li^%,^^^t,°-:^^n%^^Z.i 
nassaee  of  blood-veaaels.  Since  the  tbeir  ayetem  p[  Umeiiw:  a  funda- 
bone   lamellsB  arrange  themselves 

parallel  to  the  surfaces  mentioned,  two  systems  may  be  distin- 
gniahed  in  cross-section,  the  fundamental  lamellffi  and  the 
Haversian  lamellse.  The  former  are  arranged  parallel  to  the  sur- 
face of  the  periosteum  and  of  the  ma.rrow-cavity  and  form  a 
mantle  of  concentric  layers  around  the  marrow -cavity.  Into  this 
groundwork  the  Haversian  canals  with  their  lamellee  enter, 
destroying  and  superseding  the  fundamental  lamellee  coming  in 
their  way.  The  Haversian  lamellsB  are  concentrically  arranged 
around  the  lumen  of  the  Haversian  canals  just  as  the  fundamental 
lamellae  are  around  the  marrow-cavity. 
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Formatloii  of  Bone. — The  stratification  of  bone  ia  caused  by  its 
mode  of  origin.  Where  the  bone  borders  upon  the  Haversian 
canals,  the  marrow-cavity,  and  the  periosteum,  there  is  transiently 
or  permanently  an  epithelial -like  layer  of  cells,  oaleoblasts,  vhicli 
Becret«  the  bone-substance  on  their  surface.  Certain  cells  in  the 
matrix  participate  in  this  secretion,  and  here  give  rise  to  the 
bone-corpuscles,  which  are  distinguished  from  the  cartilage-cells 
by  their  numerous  processes  ramifying  through  the  matrix.  The 
processes  of  a  bone-corpuscle  branch,  and  unite  with  the  neighbor- 
ing cells  through  fusion  of  the  processes,  an  arrangement  most 
beautifully  seen  iu  dried  bone,  because  here  the  cavities  and  the 
canals  of  the  matrix  are  filled  with  air.  Special  modification  of 
bony  tissue,  the  substance  of  fish-scales  and  of  the  teeth,  called 
also  ivory  or  dentine,  should  be  mentioned. 

Blood  and  Lymph,  here  treated  in  couneiion  with  the  connec- 
tive substances,  are  in  reality  not  tissues  at  all,  but  nutritive 
fluids.  Two  kinds  of  nutritive  fluids  occur  in  the  vertebrates,  red 
blood  and  the  colorless,  weakly  opalescent,  or  cloudy  white  lymph. 
The  blood  of  man  and  other  vertebrates,  consists  of  a  fluid  and 
the  organized  constituents.  The  fluid  or  blood-plasma  is,  apart 
from  inorganic  constituents,  specially  rich  in  proteids;  after  the 
removal  of  the  blood  from  the  blood-vessels  a  part  of  these  separate 
by  coagulation  and  form  the  blood -clot,  made  up  of  fibrin,  leaving 
a  fluid  poor  in  proteids,  the  blood-serum.  The  organized  con- 
stituents, the  blood-celh,  are  distin- 
guished as  red  and  white  blood-cor- 
puscles. The  latter,  the  levcocytet, 
are  present  in  smaller  numbers  and 
have  great  similarity  to  the  amceb^ 
found  in  water;  they  are  particles 
of  protoplasm,  contain  a  nucleus, 
devour  foreign  bodies  (for  example, 
carmine  granules  injected  into  the 
blood),  and  move  in  the  'amceboid' 
manner  by  putting  out  pseudopodia 
(fig.  45). 

Red  Blood-corptiBcles.— In  the 
mature  condition  the  red  blood- 
corpuscles  of  vertebrates  (fig.  46) 
are  circular  or  oval  discs,  which  by  external  influences  {e.g.,  by 
pressure)  may  temporarily  be  bent,  incised,  or  otherwise  modified 
in  form,  but  cannot  actively  change  their  shape,  because  they  no 


QENERAL  niBTOLOGT. 


longer  congiBt  of  protoplaem.     Embryologically  they  arise  from 
true,  nucleated,  protoplasmic  cells;  whetlicr  these  cells  are  ideu- 
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tical  with  the  leucocytes  or  are  special  'erythroblasts'  is  still 
underterniined ;  bnt  gradually  the  protoplasmic  cell-body  chaiiges 
completely  into  a  plusmic  product,  the  stroma  of  the  blood- 
corpuscle.  If  the  nucleus  be  retained  in  this  metamorphosis,  there 
is  a  slight  swelling  in  the  centre  of  the  disc;  if,  however,  the 
nucleus  degenerate,  the  bilateral  convexity  is  replaced  by  a  shallow 
concavity.  In  the  latter  case,  one  has,  in  reality,  no  right  longer 
to  speak  of  blood-cells,  since  all  the  characteristic  constituents  of 
tlie  cell — nucleus  and  protoplasm — have  disappeared.  Systemati- 
cally the  red  blood- corpuscles  are  of  interest,  since  non-nucleate 
forms  are  found  only  in  the  mammals  (fig.  46,  a,  b),  nucleated 
ones  in  all  the  other  vertebrates  (c,  d).  The  mammals  also  have 
circular,  the  other  vertebrates  oval,  dif>cs.  To  this,  however, 
exceptions  occur,  since  among  the  mammals  the  Typloda  (camel, 
llama)  have  oval,  the  Gyclostomcs  have  circular,  blood-corpnscles. 
Hsemoglobin. — The  red  blood-corpuscles  are  the  cause  of  the 
color  of  the  blood,  as  well  as  the  agents  of  one  of  its  most  impor- 
tant functions,  the  interchange  of  gases;  both  are  connected  with 
the  fact  that  the  stroma  contains  the  coloring  matter  of  the  blood 
or  hamoglvbin.  Hfemoglobtn  belongs  to  the  few  crystallizable 
proleids  and  is  remarkable  for  the  presence  of  a  small,  though 
extremely  important,  quantity  of  iron,  and  also  for  its  atBuity  for 
oxygen.  Htemoglobin  containing  oxygen,  oxy-hsemoglobin,  causes 
the  carmine-like  color  of  the  so-called  arterial  blood;  oxygen-free, 
*  reduced '  hsemoglobin  causes  the  dark  red,  faintly  bluish  color  of 
Tenons  blood. 
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Lymph  is  distinguished  from  blood  by  the  entire  lack  of  red 
blood-corpuscles  and  the  slight  coagulability  of  its  plasma. 
Lymph  is  accordingly  a  proteid-containing  fluid  with  leucocytes, 
which  are  here  called  lymph-corpuscles. 

In  the  majority  of  invertebrated  animals  there  is  present  only 
one  kind  of  nutritive  fluid,  and  not  even  this  in  every  class;  the 
fluid  is  called  blood,  although,  it  is  usually  colorless.  Where 
color  is  present,  it  is  generally,  if  not  always,  a  yellowish  red  or 
an  intense  red;  this  may,  even  as  in  the  vertebrates,  be  caused  by 
haemoglobin  (among  the  molluscs  in  PlanorhiSy  Area  ietragoiia, 
A,  nocB,  Solen  Ugumen^  Tellina  planata,  Pectujiculus  glycirneris, 
and  others;  among  the  annelids  in  the  Capitellidas,  Olyceroy 
Folycirrus,  Leprma,  leeches,  and  earthworms;  among  insects  in 
Chironomus).  Often  other  coloring  matter  occurs  instead  of 
haemoglobin :  in  the  cuttlefish,  many  snails,  and  in  the  lobster  and 
Limulus,  the  oxygen  is  taken  up  by  the  bluish  haemocyanin,  which 
contains  a  trace  of  copper;  in  the  Sipunculids  by  haemoerythrin, 
etc.  The  blood-plasma,  as  a  rule,  is  the  seat  of  the  color  {Chiro- 
nomusy  Hirudinea,  earthworms,  and  most  other  annelids);  only 
exceptionally  do  colored  blood-corpuscles  occur,  as  in  the  case  of 
ArcQy  Solen,  and  the  other  mussels  mentioned  above,  and  also  in 
the  genus  Phoronis.  Colored  elements  containing  haemoglobin, 
identical  with  blood-corpuscles,  are  found  besides  in  the  coelomic 
fluid  of  many  annelids  (CapiteUidae,  Olycera^  Leprea,  Polycirrus), 
and  in  the  ambulacral  vessels  of  echinoderms  {Ophiactis  virejis, 
some  Holothurians).  Most  widely  distributed  in  the  invertebrate 
animals  are  the  leucocytes,  which  are  distinguished  by  their  active 
amoeboid  movements;  still  even  these  may  be  absent,  and  then  the 
blood  is  a  fluid  without  any  organized  corpuscles. 

3.  Muscular  Tissue. 

Characteristics  of  Muscular  Tissue. — Most  sharply  character- 
ized functionally  is  the  muscle-tissue,  inasmuch  as  it  is  the  agent 
of  active  movements  in  the  animal  body.  Since  active  mobility 
occurs  in  protoplasm,  it  is  important  to  notice  the  differences 
between  the  two  kinds  of  movement.  The  distinctions  lie  in 
the  direction  and  in  the  intensity  of  the  movement.  A  mass  of 
protoplasm  has  the  capacity  to  move  hither  and  thither  in  all 
directions,  because  in  it  there  is  a  high  degree  of  mobility  be- 
tween the  smallest  particles.      Muscles  and  hence  their  separate 
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elements,  the   muscle-fibres  and   muscle-fibrils,  on  the  contrary, 

can  shorten  only  by  correspondingly  increasing  in    ^  ^ 

diameter  (fig.  47);  they  can  therefore  accomplish 

motion  only  in  a  definite  direction,  that  of  the  axis 

of  the  muscle.     The  muscle-substance  consequently 

is  more  limited  in  its  movement  than  is  protoplasm, 

but    on  the  other   hand  it   has  the  advantages  of 

greater  energy  and  greater  rapidity.      An  observer 

ecmversant  with  the  different  kinds  of  motion   is 

able  to  decide  with  considerable  accuracy,  from  the  yiq.  47.-TranB- 

intensity   and  rapidity,  whether  in  a  given  case  a     Ited^^muJcie- 

movement  has  been  brought  about  by  the  agency  of     Merkei  l^fn 

protoplasm  or  by  the  contractile  substance  in  the     the  resting,  h, 

*-^  ''  Intnecon- 

narrower  sense  (muscle-substance).  tracted  sute. 

Formation  of  Muscle-substance. — These  physiological  con- 
siderations show  that  protoplasm  and  the  contractile  substance  are 
morphologically  different,  and  that  therefore  one  must  distinguish 
sharply  between  formative  cells,  or  muscle-corpuscles,  and  the 
product  of  these  cells,  the  contractile  substance,  just  as  in  the 
case  of  connective  tissiie,  between  the  connective-tissue  corpuscles 
and  the  connective-tissue  fibrils.  This  distinction  actually  occurs, 
but  optically  it  is  not  equally  demonstrable,  for  the  reason  that  it 
is  not  prominent  histologically.  In  animal  histology  there  are 
recognized  two  kinds,  it  might  even  be  said  two  stages,  in  the 
formation  of  muscle-substance,  the  homogeneous,  or  smooth,  and 
the  cross-striated.  Since  the  former  looks  very  similar  to  non- 
granular protoplasm,  the  boundary-line  between  it  and  the 
muscle-corpuscle  is  more  difi&cult  to  recognize  than  in  the  case  of 
the  cross-striated  muscle-substance,  which  in  its  minute  structure 
is  quite  different  in  appearance  from  protoplasm.  In  cross-striated 
muscles  the  contractile  portion  consists  of  two  substances  regularly 
alternating  with  one  another  in  the  direction  of  the  contraction  of 
the  muscle,  of  which  the  one  is  doubly,  the  other  singly,  refractive 
(figs.  24,  47,  50). 

Smooth  and  Cross-striated  Muscle-fibres. — The  smooth  muscle- 
substance  represents  a  lower  stage  of  development  than  the  cross- 
striated,  since  it  chiefly  occurs  in  the  less  highly  organized  and 
more  inactive  animals.  Interesting  in  this  respect  is  the  fact  that 
in  the  two  stages  of  development  of  one  and  the  same  animal  the 
simple  and  inert  polyp  has  smooth  muscles,  while  the  more  highly 
organized  and  actively  motile  medusa  has  cross-striated  muscles 
(fig.  48).     The  difference  in  their  action  has  led  in  the  vertebrates 


92  GENERAL  PRINCIPLES  OF  ZOOLOGY. 

to  a  peculiar  distribution  of  the  muscle-substance,  the  smooth 
musculature  being  chiefly  distributed  to  the  internal  organs^ 
which  are  not  under  control  of  the  will  (involuntary  muscles), 
while  the  musculature  of  the  body,  subject  to  the  will  and  hence 
demanding  more  rapid  action,  is  cross-striated  (voluntary  muscles). 
We  must  not  conclude  that  the  diflference  between  smooth  and 
cross-striated  musculature  coincides  with  the  distinction  between 
visceral  and  body  musculature;  it  should  be  noticed  that  the  body 
musculature  of  all  molluscs  is  smooth,  the  visceral  as  well  as  the 


Fio.  48.~>EpiiheUal  mnscle-ceUB.   a«  of  a  medusa;  b,  of  an  actinian. 

body  muscles  of  many  insects  and  crustiicea,  and  the  muscles  of 
the  heart  of  vertebrates  are  cross-striated. 

It  was  pointed  out  above,  in  connexion  with  epithelia  and 
connective  tissue,  that  these  tissues  differed  fundamentally.  This 
contrast  has  its  bearing  in  dealing  with  the  muscles,  for  both 
epithelial  and  mesenchymatous  cells  may  form  contractile  sub- 
stances and  therefore  there  are  two  genetically  different  kinds  of 
muscles,  the  epithelial  and  the  mesenchymatous  (contractile  fibre- 
cell).  Both  kinds  of  muscle-cells  can  a  priori  form  smooth  as 
well  as  cross-striated  muscle-substance;  but  the  collection  of  con- 
nective (mesenchymatous)  tissue  around  inner  organs  has  caused 
most  contractile  fibre-cells  to  be  smooth,  while  most  of  the 
epithelial  muscle-cells  are  cross-striated. 

Epithelial  muscle-ceUs  are  cells  of  which  one  end  extends  to  the 
surface  of  the  body  or  the  surface  of  an  internal  cavity  (body 
cavity,  lumen  of  the  gut,  etc. ),  and  may  here  have  a  cuticle,  cilia, 
or  flagella,  while  at  the  opposite  end  it  has  secreted  contractile 
substance  in  the  form  of  muscle-fibrils  (fig.  48).  They  combine 
the  double  function  of  epithelial  and  muscle  cells. 

Contractile  fibre-cells y  on  the  other  hand,  are  connective- tissue 
cells,  which  usually  have  surrounded  themselves  with  a  layer  of 
contractile  substance;  corresponding  to  their  origin,  they  have  the 
form  of  connective-tissue  cells,  and  are  spindle-formed  or 
branched;  the  branches  arising  from  the  ends  of  the  cells  (fig.  49). 
The  similarity  of  form  renders  the  distinction  between  ordinary 
connective-tissue  cells  and  fibre-cells  difficult;  if  the  contractile 
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layer  on  the  enrface  bo  slightly  developed,  the  distinction  ia  im- 
possible. To  recognize  the  character  of  the  elements,  therefore, 
we  must  choose  well-defined  examples,  in  which  tlie  nninucleated 
or  the  maltinncleated  mass,  the  'axial  substance,'  is  sharply 
marked  oH  from  the  muscle-mass,  the  'cortical  layer'  (fig,  49, 
c,  d,  e). 


Pio.  tf.— Contractile  Bbn-ollB.  a,  ot  man;  h-e.  of  BeroCCa  Ctenophnre);  b,  ronng 
llbreB :  c,  branched  end> ;  d,  middle  portion  ol  a  fibre:  e,  (iross  eection. 

Fio.  M.— Cro«a-atFiated  primary  bundle.  (After  Oeicenb&ur.)  n.  nuclei ;  «.  a,  point 
where  tbe  ■arcolemnia  Is  plainly  shown  on  account  ot  the  twirlDg  ot  the  fibres. 

In  vertebrates  and  arthropods  the  contractile  fibre-cells  occur 
in  the  vegetative  organs  as  elomenta  of  the  'organic  musculature'; 
on  the  other  hand  we  find  here  the  epithelial  musculature  in  the 
cross 'Stria  ted  primary  bundles,  separated  from  the  epithelium, 
and  only  developmentally  referable  to  the  epithelium  of  the  body 
cavity  (fig.  60).  A  primary  bundle  is  a  cylindrical  mass,  bounded 
externally  by  a  Btructureless  envelope,  the  sarcolemma.  Its  con- 
tents consist  of  fine  fibrils,  which,  closely  parallel  to  one  another 
and  pressed  closely  together,  ran  from  one  end  of  the  mass  to  the 


94  GENERAL  PRINCIPLES  OF  ZOOLOO  T. 

other.  Each  fibril  is  formed  of  singly  and  doubly  refractive 
parts,  which  alternate  with  one  another  in  more  or  less  compli- 
cated arrangement.  Since  now  the  doubly  refracting  parts  of  the 
fibrils  within  a  bundle  lie  at  about  the  same  level,  there  is  caused 
a  cross-striation  extending  through  the  whole  bundle.  Finally, 
scattered  here  and  there  between  the  muscle-fibrils  are  the  muscle- 
corpuscles,  spindlcHshaped  protoplasmic  bodies  with  a  nucleus,  the 
remnants  of  the  cells  which  have  formed  the  musculature. 


/ 


4.  Nervous  Tissue. 

Function  of  Nervous  Tissue. — As  the  muscular  tissue  brings 
about  motion,  so  the  nervous  tissue  serves  for  the  transmission  of 
stimuli.  It  communicates  the  stimulations  of  the  sense-organs  at 
the  periphery  to  the  central  nervous  system,  the  seat  of  conscious- 
ness, and  here  brings  about  perception  (centripetal  nerve  tracts) ; 
further,  it  transmits  the  voluntary  impulses  to  the  periphery,  par- 
ticularly to  the  musculature  (centrifugal  nerve  tracts).  By  the 
nervous  system,  finally,  the  stimuli  arising  in  various  places  are 
co-ordinated,  thus  furnishing  the  elements  for  that  which  we  call 
independent  psychic  activity. 

Elements  of  Nervous  Tissue. — The  agent  of  the  transmission 
of  stimuli  is  undoubtedly  a  specific  nerve-substance  different  from 
protoplasm.  Hence  we  speak  of  nerve  fibrillae  as  of  muscle  fibrillae, 
the  product  of  the  special  nerve-cells,  but  the  relations  involved 
are  not  sufficiently  understood. 

The  elements  of  the  nervous  system  are  divided  into  ganglion 
cells  and  nerve-fibres,  but  it  must  be  remembered  that  these  are 
not  independent  of  each  other,  but  that  the  fibres  are  enormously 
elongated  processes  of  the  ganglion  cells.  In  the  vertebrates  the 
ganglion  cells  vary  greatly  in  size;  besides  small  elements  there 
are  large  cells,  only  exceeded  by  the  eggs  in  size,  which  correspond- 
ingly have  large  nuclei  recalling  the  germinal  vesicles.  Unipolar, 
bipolar,  and  multipolar  ganglion  cells  are  recognized,  the  differ- 
ences depending  upon  the  number  of  processes  (nerve-fibres)  which 
arise.  In  multipolar  cells  the  number  is  very  large  (fig.  51)  and 
are  of  two  kinds,  dendrites  and  axons  or  neurites.  Dendrites  are 
so  called  because  they  branch  again  and  again,  not  far  from  their 
origin  from  the  cell.  The  axons  (of  which  there  is  usually  but 
one  to  a  ganglion  cell)  can  be  followed  to  a  long  distance  with- 
out giving  off  branches,  except  here  and  there  lateral  side  twigs 
(collaterals)  which  arise  at  right  angles  to   the  main  fibre;   they 
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often  pass  over  iato  peripheral  nerrcs.  They  branch  at  their  tips, 
so  the  morphological  distinc- 
tion  from  dendrites  lies  in  the 
greater  distance  of  the  region 
of  branching  from  the  body 
of  the  ganglion  cell.  In  bi- 
polar ganglion  cells  both  pro- 
cesses ore  nearites,  the  cell 
itself  thus  being  an  element 
intercalated  in  the  course  of 
a  nerve-fibre,  as  also  is  a  nni- 
polar  ganglion  cell.  The  single 
process  of  this  dlTides  near 
the  cell  in  a  T-shaped  man- 
ner, so  that  the  nnipolar  cell 
is  to  be  regarded  as  a  bipolar 
ganglion  cell  in  which  the  two 
nearites  are  united  for  a  short 
distance. 

This  conception  is  intel- 
ligible in  the  light  of  recent 
researches  on  the  structure  of 
the  ganglion  cell  and  Its  pro- 
ceaacs  (fig.  52).     Both  consist 


(Atter  QeKentMiar!) 


Fid.  Bf. — Hotor  nnellon  oell  fmn  the  thoracic  reeton  of  the  spiQ&l  cord  of  a  dog. 
(After  Bethe.)   n.  nacieus. 

of  extremely  fine  fibrill«e,  and  inter-  and  perifibrillar  substances 

cementing  them  together.     Each  process  brings  a  bundle  of 
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fibrilln  to  the  ganglion  cell,  in  which  they  spread  out  and  jhibb 
over  into  other  procesaes.  The  branching  of  neu rites  and 
dendrites  is  a  separation  of  the  contained  fibrill«e;  the  ganglion 
cell,  the  place  of  exchange  of  fibrill©  between  the  varions  processes. 
Hence  the  ganglion  cell  is  not  a  simple  cell,  bat  a  cell  plus  plasma 
products. 

The  similar  fibrillar  structure  of  nerve-fibres  has  long  been 
known.  In  the  central  nervous  system  of  vertebrates  the  most 
minute  elements  are  the  nerro  fibrillte,  distinguished  from  muscle 
fibrilhe  by  the  absence  of  cross- 
striation;  from  connective -tisaue 
fibrillae  by  the  ease  with  which  they 
are  injured;  in  preserved  material 
they  frequently  swell  and  show  vari- 
cosities (fig.  53).  Many  fibrillte 
united  in  a  bundle  form  a  nerve- 
fibre  (fig.  54,  A)  which  is  called  a 
grai/  nerve-Jiire  in  distinction  from 
I  the  white  or  medullated  fibres.  In 
the  latter  the  fibre  or  axis-cylinder 
1  is  surrounded  by  a  medullary  sheath 
I  (fig.  54,£)  composed  of  myelin,  afat- 
like  substance,  blackened  by  osmic 
acid  and  separated  into  variously 
^  shaped  '  myelin  drops. '  The  mednl- 
^  g         a         Q    lary  sheath  appears   to   act  as  an 

no.M.  F,..«.     in™l«'<'r- 

-Nerve  fl brills  with  voricoai-        Both  meditllated  and  non-med- 
ullated  fibres  can  be  enclosed  in  a 
sheath   of   Schwann.'     This  is  a 
.wchek.)  feature  of  the  fibres  composing  the 

peripheral  nervous  system  and  is  lacking  in  brain  and  spinal  cord. 
It  is  a  delicate  envelope  witli  nuclei  here  and  there  (fig.  56).  At 
times  it  forms  constructions  whicb  cut  through  the  medullary 
sheath  to  the  asis-cylinder  (nodes  of  Ranvier). 

Multipolar  and  bipolar  ganglion  cella  also  occur  in  the  inverte- 
brates, most  commonly  in  the  cceleiite rates  (fig.  56),  more  rarely  in 
worms  (e.g.,  Liimbrici(g),  arthropods,  and  molluBca,  and  then 
chiefiy  iu  the  peripheral  nervous  system.  In  the  ganglia  (tlie 
nervous  centres  of  the  last  three  groups)  the  ganglion  cell  usually 
gives  rise  to  a  single  strong  process,  which,  however,  is  richly  pro- 
vided with  lateral  branches  .or  dendrites  (fig.  74).     The  medullary 


FiO.  S5.-M©dullatBd  f  "erve-flbres, 

A,    withoaL     B,   w\f-      '     '■ 
Schwann.    (Fnim  Hal 
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sheath  and  sheath  of  Schwann  are  usually  absent  in  invertebrates 
eren  in  the  peripheral  nerves.  A  thin  myelin  layer  has  been  rarely 
observed  in  arthropods  and  annelids.  On  the  other  hand  the  true 
conducting  elements,  the  nerve  fibrillae,  have  been  seen  in  inverte- 


Fio.  56.— OangUon  cells  of  an  actinian. 

brate  nerve-fibres,  and  these  have  been  followed  into  the  ganglion 
cell  in  which  the  afferent  and  efferent  fibrillae  are  united  in  a 
lattice-like  manner. 


SUMMARY   OF  HISTOLOGICAL  FACTS. 

Cells. — 1.  The  most  important  morphological  element  of  all 
tissues  is  the  cell. 

2.  The  cell  is  a  mass  of  protoplasm  which  contains  one  or 
several  nuclei  (uninucleated,  multinucleated  cells). 

3.  The  nucleus  probably  determines  the  specific  character  of 
the  cell,  since  it  infiuences  its  functions;  accordingly  it  is  also  the 
bearer  of  heredity. 

4.  Cells  and  nuclei  increase  exclusively  by  division  or  budding. 
Tissues. — 5.  Tissues  are  complexes  of  numerous  similar  his- 
tologically differentiated  cells. 

6.  Histological  differentiation  rests  in  part  upon  the  fact  that 
the  cells  take  on  a  definite  form  and  arrangement,  in  part  upon  the 
formation  of  plasmic  products,  which  determine  the  character  of 
the  tissue  (muscle-fibres,  connective-tissue  fibrils). 
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Classification  of  Tissues. — 7.  According  to  function  and  struc- 
ture (1)  epithelia,  (2)  connective  tissue,  (3)  muscular  tissue,  (4) 
nervous  tissue  are  distinguished. 

8.  The  physiological  character  of  epiihelia  is  determined  by  the 
fact  that  they  cover  the  surfaces  of  the  body,  their  morphological 
character  in  that  they  consist  of  closely  compressed  cells  united 
only  by  a  cementing  substance. 

9.  According  to  their  further  functional  character  epithelia 
are  divided  into  glandular  epithelia  (unicellular  and  multicellular 
glands),  sensory,  germinal,  and  protective  epithelia. 

10.  According  to  the  structure  are  distinguished  simple  (cubi- 
cal, cylindrical,  squamous  epithelia)  and  stratified  epithelia, 
ciliated  and  flagellated  epithelia,  epithelia  with  or  without  cuticle. 

11.  The  physiological  characteristic  of  the  connective  tissues  is 
that  they  fill  up  spaces  between  other  tissues  in  the  interior  of  the 
body. 

12.  The  morphological  distinction  depends  upon  the  presence 
of  the  intercellular  substance. 

13.  According  to  the  quantity  and  the  structure  of  the  inter- 
cellular substance  the  connective  substances  are  divided  into  (1) 
cellular  (scanty  intercellular  substance);  (2)  homogeneous;  (3) 
fibrous  connective  tissue;  (4)  cartilage;  (5)  bone. 

14.  The  physiological  character  of  muscular  tissue  is  its 
increased  capacity  for  contraction. 

15.  The  morphological  characteristic  is  the  fact  that  the  cells 
have  secreted  muscle-substance. 

16.  According  to  the  nature  of  the  muscle-substance  are  dis- 
tinguished smooth  and  cross-striated  muscle-fibres. 

17.  According  to  the  character  and  origin  of  the  cells  (muscle- 
corpuscles)  the  muscles  are  divided  into  epithelial  (epithelial 
muscle-cells,  primary  bundles)  and  connective-tisue  muscle-cells 
(contractile  fibre-cells). 

18.  The  physiological  distinction  of  nervous  tissue  rests  upon 
the  transmission  of  sensory  stimuli  and  voluntary  impulses,  and 
upon  the  co-ordination  of  these  into  unified  psychic  activity. 

19.  The  conduction  takes  pla^e  by  means  of  nerve-fibres  (non* 
meduUated  and  medullated  fihrik  and  bundles  of  fibrils);  t^e 
co-ordination  of  stimuli  by  means  of  ganglion-cells  (bipolar^ 
multipolar  ganglion-cells). 

20.  Blood  and  lymph  are  proteid-containing  fluids;  rarely 
without  cells,  they  may  contain  only  colorless  amoebbid  cells  (white 
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blood-corpuscles,  leucocytes),  or  in  addition   to  these  also  red 
blood-corpuscles. 

21.  Red  blood-corpuscles  occur,  in  the  main,  only  in  verte- 
brates and  cause  the  redness  of  the  blood;  they  are  absent  in  most' 
invertebrate  animals. 

22.  When    invertebrate  animals    have    colored    blood   (red, 
yellow),  this  is  usually  due  to  the  color  of  the  bl66d-plasma. 

23.  The  red  blood-corpuscles  are  nounucleated  in  mammals, 
nucleated  in  all  the  other  vertebrates. 


III.  The  CoMBiXATioy  op  Tissues  into  Oeqans. 

An  Organ  Defined. — Organs  are  formed  from  the  tissues.  An 
organ  is  a  tissue  complex^  marked  off  from  the  other  tissues^  which 
has  taken  on  a  definite  form  for  carrying  on  a  special  function. 
Thus  a  single  muscle  is  an  organ  which  consists  of  a  certain 
amount  of  muscular  tissue;  with  scalpel  and  scissors  it  can  be 
removed  from  its  environment  as  a  connected  whole  and  can  still 
accomplish  a  definite  movement. 

Principal  and  Accessory  Tissues. — In  each  organ  there  is  a 
tissue  which  determines  the  function  of  the  organ,  and  therefore 
its  physiological  character.  This  may  be  called  the  principal 
tissue,  for  there  may  be  other  accessory  tissues  present,  which 
merely  support  or  render  possible  the  function  of  the  principal 
tissue.  In  the  muscle  of  the  vertebrates  we  find,  besides  the 
muscle-fibres,  connective  tissue  which,  like  a  kind  of  cement, 
unites  the  bundles  of  muscle;  blood-vessels  which  provide  nourish- 
ment; finally,  nerves  by  which  the  muscles  are  aroused  to  action. 
In  the  human  liver  also,  besides  the  functionally  most  important 
part,  the  liver-cells,  blood-vessels,  nervous  and  connective  tissues 
are  present.  These  accessory  tissues  are  usually  found  only  in  the 
highly  developed  organs;  in  the  case  of  the  lower  animals  they 
may  bo  absent ;  thus  the  digestive  tract  of  coelenterates  has  only 
an  epithelial  lining;  their  nervous  system  consists  merely  of  a 
cord  of  nerve-fibres  and  ganglion-cells. 

Effect  of  Use  and  Disuse. — It  is  of  the  greatest  importance  for 
the  permanency  of  an  organ  that  it  be  constantly  in  function. 
Living  substance  is  distinguished  from  the  non-living  by  the  fact 
that,  if  it  be  destroyed  by  use,  it  is  immediately  replaced,  often  by 
more  than  sufficient  to  make  good  the  loss.  Functioning  tissues 
and  organs  under  favorable  conditions  increase  in  volume;  on  the 
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other  handy  functionless  parts  undergo  a  gradual  decrease^  which 
finally  leads  to  their  disappearance. 

Change  of  Function  of  Organs. — The  two  factors  mentioned, 
that  the  permanence  of  the  tissues  depends  upon  continued  use, 
and  that  usually  Beveral  tissues  enter  into  the  structure  of  an 
organ,  are  important  for  the  understanding  of  the  principle  of 
change  of  function  which  plays  a  prominent  r61e  in  the  meta- 
xnorphosis  of  animal  form.  It  may  happen  that  an  organ  is 
brought  under  changed  conditions  and  no  longer  has  an  oppor- 
tunity to  function  as  before.  In  that  case  the  functioning  tissue, 
from  lack  of  use,  gradually  degenerates,  but  the  organ  may  persist 
by  means  of  its  accessory  tissues  if  the  new  conditions  make  it 
possible  for  one  of  them  to  attain  to  functional  activity,  and  to 
give  the  organ  a  new  physiological  character. 

Examples  of  Change  of  Function. — A  muscle,  for  example,  may 
become  functionless  from  many  causes.  Should  the  muscle-tissue 
disappear  there  are  still  left  the  accessory  tissues,  particularly 
connective  tissue  permeated  by  blood-vessels;  this  may  remain  in- 
tact and  form  a  protecting  band,  a  tendon,  or  fascia.  We  have 
then,  morphologically,  the  same  organ,  changed  in  its  physio- 
logical character;  the  muscle  has  undergone  a  change  of  function, 
and  has  become  a  ligamentous  band.  The  visceral  arches  of  fishes 
afford  another  example;  these  primarily  are  supports  for  the  gills; 
if  now  by  the  acquirement  of  terrestrial  habits  the  gills  be  lost, 
the  visceral  arches  become  functionless  and  correspondingly  under- 
go a  partial  degeneration;  but  a  part  persists  by  assuming  a  new 
function,  and  forms  the  jaws,  the  hyoid  bone,  and  the  small  bones 
of  the  ear,  which,  in  spite  of  their  quite  different  functions,  are 
morphologically  the  same  structures  as  the  gill-arches. 

Homology  and  Analogy. — In  the  History  of  Zoology  (page  14) 
it  was  shown  that  comparative  anatomy  has  caused  a  discrimina- 
tion between  homology  or  morphological  equivalence,  and  analogy 
or  physiological  equivalence,  i.e.,  between  organs  which  appear  in 
the  same  relative  positions  and  relations,  and  organs  which  have 
the  same  function.  What  we  have  here  learned  of  the  structure 
of  organs  makes  it  evident  that  morphological  and  physiological 
characters  do  not  necessarily  coincide,  that  morphologically  similar 
organs  may  have  •  different  functions, .  morphologically  different 
organs  the  same  functions. 

Systems  of  Organs. — Organs  wholly  identical,  or,  at  least, 
functioning  in  an  equivalent  manner,  may  occur  in  considerable 
numbers  in  the  same  body.     A  man  has  many  muscles,  and  many 
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organs  which  carry  on  digestion.  Hence  wc  may  group  all  organs 
which  in  the  body  have  equivalent  or  similar  functions,  and  speak 
of  systems  of  organs.  In  all  we  recognize  nine  such  systems:  (1) 
skeletal,  (2)  digestive,  (3)  respiratory,  (4)  circulatory,  (5)  excre- 
tory, (6)  genital,  (7)  muscular,  (8)  nervous,  and  (9)  sensory 
systems.  Xot  all  are  necessarily  present ;  a  skeleton,  for  instance, 
is  frequently  lacking.  The  most  different  functions  which  in  man 
are  divided  among  different  complicated  and  specialized  systems 
may  be  performed  in  a  lower  animal  by  one  and  the  same 
apparatus.  Yet  according  to  the  fundamental  functions  the  fol- 
lowing groups  of  organs  may  be  recognized:  I.  Organs  of  assimila- 
tion (2-5);  II.  Organs  of  reproduction  (6);  III.  Organs  of  motion 
(7) ;  IV.  Organs  of  perception  (8  and  9). 

Vegetative  and  Animal  Organs.— The  organs  of  assimilation  and  of  repro- 
duction (I  and  II)  are  grouped  together  as  vegetative,  the  others  (III  and 
lY)  as  animal  organs.  Tiie  older  zoologists  used  to  say  that  assimilationi 
and  reproduction  are  functions  which  are  common  to  animals  and  plants  ; 
that,  on  the  contrary,  sensation  and  motion  are  lacking  in  plants,  and  are 
exclusively  characteristic  of  animals.  The  atom  of  truth  in  the  funda- 
mental idea  needs  reconsideration  in  the  light  of  our  present  knowledge. 
We  have  seen  that  the  protoplasm  of  plants  and  animals  has  not  only  the 
power  of  assimilation  and  reproduction,  but  also  power  of  motion  and  of 
irritability.  The  latter  characteristics  consequently  cannot  be  entirely 
lacking  in  all  the  plants,  for  they  are  found  in  the  most  important.  In 
fact  many  plants,  as  the  mimosiis,  the  compass-plants,  insectivorous  plants 
show  great  irritability  ;  many  low  plants,  the  reproductive  states  of  algae, 
move  quite  as  actively  as,  or  even  more  actively  than,  many  of  the  lower 
animals.  On  the  other  hand,  there  are  many  animals  which  in  the  mature 
condition  are  fixed  in  position  like  plants.  Many  Protozoa  and  worms, 
most  of  the  zoophytes,  some  echinoderms  like  the  Crinoids,  even  many 
Crustacea,  the  cirripedes  (barnacles),  can  change  their  location  only  during 
the  earlier  stages  of  development,  in  later  life  being  limited  to  movements 
of  single  parts  of  the  body,  the  arms,  tentacles,  etc.  In  the  sponges 
motions  are  so  insignificant  that  they  cannot  be  seen  at  all  by  the  naked 
eye,  and  scarcely  even  with  the  aid  of  the  microscope. 

Nevertheless  the  two  terms,  animal  and  vegetative^  must  be  retained. 
For  although  motion  and  sensation  occur  in  the  vegetable  kingdom,  still 
they  reach  no  high  development ;  indeed  we  may  say  they  become  more 
and  more  inconspicuous  the  higher  the  plants ;  in  the  animal  kingdom,  on 
the  contrary,  they  are  unfolded  in  extraordinary  perfection  and  lie  at  the 
basis  of  its  most  characteristic  features. 
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Vegetative  Organs. 

A.   Organs  of  Assimilation. 

Assimilation  Defined. — If  the  term  assimilation  be  used  in  its 
widest  sense,  one  must  speak  in  this  connection  of  all  the  con- 
trivances in  the  animal  body  which  render  growth  possible  during 
the  period  of  progressive  development,  and,  during  mature  life, 
compensate  for  the  loss  of  energy  connected  with  each  period  of 
functional  activity,  in  order  to  preserve  to  the  body  its  functional 
powers.  In  each  period  of  functional  activity  organic  compounds 
are  oxidized.  Compounds  which  are  especially  rich  in  carbon  and 
hydrogen  (as  well  as  some  nitrogen  and  sulphur)  and  are  poor  in 
oxygen  are  changed  by  oxidation  into  carbon  dioxide,  water,  and 
various  nitrogenous  products,  like  urea,  uric  acid,  etc.  A  com- 
pensation takes  place,  for  not  only  is  the  useless  substance 
removed,  but  also  compounds  of  oxygen  and  materials  rich  in 
carbon  are  furnished  to  the  tissues  to  replace  the  material  oxidized. 

Assimilation  in  Animals. — In  lowly  organized  animals  all  the 
processes  connected  with  compensative  assimilative  changes  take 
place  through  the  agency  of  one  and  the  same  organ,  the  digestive 
tract;  but  in  the  higher  animals,  through  specialization,  normal 
assimilation  is  a  definite  series  of  separate  phenomena.  Between 
the  lower  and  the  higher  animals  there  are  evidently  intermediate 
conditions  where  specialization  has  halted  at  an  earlier  or  a  later 
stage. 

Different  Organs  of  Assimilation.— Assimilation  begins  with 
the  presence  of  suitable  food;  the  solid  and  liquid  constituent 
parts  of  the  body  must  digest  and  incorporate  this,  i.e.,  it  must 
be  altered  so  that  it  can  be  absorbed  and  distributed  to  the  tissues. 
All  this  takes  place  through  the  agency  of  the  digestive  tract, 
which  is  provided  with  accessory  organs,  the  digestive  glands;  the 
digestive  tract  likewise  removes  all  matter  remaining  undigested 
(the  faeces).  The  necessary  oxygen,  gaseous  food,  so  to  speak,  is 
usually  taken,  however,  by  particular  parts  of  the  body,  the 
respiratory  organs,  the  gills  or  lungs.  The  oxygen  and  the 
digested  (consequently  liquefied)  organic  and  inorganic  compounds 
must  further  be  distributed  in  the  body  to  the  organs  and  tissues 
according  to  their  needs.  Therefore  there  are  usually  blood- 
vessels or  circulatory  organs,  which  permeate  the  body  in  all 
directions.  But  the  tissues  need  not  only  a  means  of  obtaining 
but  also  of  getting  rid  of  certain  compounds.     The  accumulation 
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of  the  oxidation  products  arising  from  functional  activity  is 
injurious,  to  some  extent  even  poisonous,  to  the  organism;  conse- 
quently they  must  be  removed,  and  in  a  dissolved  state  they  are 
i^ken  up  by  the  blood-vascular  apparatus,  and  are  brought  to 
definite  places  for  expulsion  or  excretion.  Fluid  wastes  are 
expelled  by  the  kidneys  of  vertebrates,  the  Malpighian  vessels  of 
insects,  the  water- vascular  system  of  wonns;  these,  together  with 
their  accessory  apparatus,  are  embraced  under  the  name  *  excretory 
organs/  Excreta  are  to  be  distinguished  from  faces j  excreta  are 
substances  which  have  been  a  part  of  the  tissues  of  the  body  itself, 
and,  through  oxidation,  have  become  useless;  while  those  sub- 
stances which  constitute  the  fsBces  were  useless  from  the  beginning, 
and  have  never  belonged  to  the  body,  but  have  remained  separated 
from  the  tissues  by  the  boundary  of  the  epithelium  of  the  digestive 
tract.  The  gaseous  oxidation  product  of  the  animal  body,  carbon 
dioxide,  is  removed  by  the  blood-vascular  apparatus  through  the 
agency  of  the  respiratory  organs.  Since  in  the  respiratory  organs 
there  takes  place  an  exchange  of  the  useless  carbon  dioxide  for 
the  oxygen  necessary  to  life,  these  organs  have  a  double  function, 
being,  at  the  same  time,  excretory  organs  and  organs  for  taking 
up  food. 

After  this  general  survey,  we  must  enter  somewhat  mor6 
minutely  into  a  discussion  of  the  various  systems  of  organs. 

I.  The  Digestive  Tract. 

Archenteron  or  Primitive  Digestive  Tract. — Since  the  taking 
in  of  food  and  its  assimilation  are  functions  most  important  for 
the  well-being  of  the  animal,  it  is  to  be  expected  that  of  all  the 
organs  in  the  animal  series  the  digestive  tract  should  be  formed 
first,  and  also  in  almost  every  case  should  bo  earliest  established  in 
the  embryo.  The  fact  that  many  worms  (cestodes)  and  cinistacea 
(Bhizocephala)  have  no  digestive  tract  does  not  alter  this  state- 
ment; for  it  can  be  definitely  afifirmed  that,  in  adaptation  to 
special  conditions  of  life,  particularly  parasitism,  the  digestive 
tract  has  degenerated.  The  simplest  multicellular,  free-living 
animals  are  merely  simple  or  branched  digestive  pouches  which 
have  only  a  single  opening,  functioning  both  as  mouth  and  anus 
(fig.  57).  Such  an  animal  has  necessarily  two  epithelial  layers, 
one  of  which  lines  the  digestive  tract,  the  other  covers  the  surface 
of  the  body.  These  two  fundamental  cell-layers  are  called  ento- 
derm and  ectoderm.     In  many  coelenterates  they  are  the  only 
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layers  of  the  body.  In  most  animals  they  are  separated  by  inter- 
mediate tisBues,  called  collectively  mesoderm.  The  higher  the 
animal,  the  more  differentiated  is  the  mesodermal  layer.  The 
primitive  digestive  cavity  lined  by  entoderm  is  called  the  archen- 
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teroti.  In  the  caae  of  mednsffi  and  polyps  it  forms  the  entire  diges- 
tive tract,  but  is  most  animals  this  is  not  sufScient  for  the  needs 
of  digestion  and  the  alimentary  tract  is  increased  by  iavaginationa 
of  parts  of  the  surface  ot  the  body. 

Stomodseum  and  Proctodieum — Even  in  many  ccelenterates 
and  lower  worms  an  invagination  ariaes  at  the  anterior  end  of  the 
digestive  tract,  forming  the  ectodermal  fore-gut  or  slomodaum 
(fig.  58).  From  the  higher  worms  onwards,  it  is  accompanied  by 
a  second  invagination  at  the  lender  end,  the  ectodermal  hind-gut, 
OT  prociodaum  (fig.  59);  embryologically,  this  is  formed  as  a  blind 
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eac  Those  closed  end  unites  vith  the  likewise  closed  posterior  part 
of  the  archenteron  (now  called  also  vtesenteron  or  mid-gut)  until 
the  separating  wall  disappears,  whereupon  mid-  and  end-gut  com- 
municate with  each  other,  and  the  digestive  tract  becomes  a  canal 
extending  throngh  the  entire  body. 

Divisions  and  Appendages  of  the  Digestive  Tract. — The  part 
which  the  archenteron  takes  in  comparison  with  the  ectodermal 
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proctodeum  and  stomodsum  in  making  up  the  completed  diges- 
tive tract  is  very  diflerent  in  the  various  groups.  On  one  side  the 
croEtacea,  on  the  other  side  the  vertebrates,  o3er  the  strongest 
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contrast;  the  Crustacea  have  a  very  short  mid -gat  and  consequently 
a  long  extent  of  fore-  and  hind-gut  formed  from  the  ectoderm;  in 
vertebrates,  on  the  contrary,  the  ectodermal  portions  are  extremely 
short. 

The  width  of  the  lumen  varies  in  the  course  of  the  alimentary 
canal  and  renders  possible  the  distinction  of  different  divisions, 
which,  so  far  as  possible,  have  been  provided  with  uniform  names. 
Fig.  60,  drawn  from  a  domestic  fowl,  illustrates  the  usual  terms. 
The  mouth-opening  leads  into  a  wider  cavity,  which  is  usually 
divided  into  an  anterior  division,  the  buccal  cavity,  and  a  posterior 
one,  the  pharynx.  The  narrow  tube  leading  from  this  is  the 
(esophagus  (a) ;  here  and  there  it  may  widen,  or  bear  a  pouchlike 
evagination,  the  crop  or  ingluvies  (b),  for  the  temporary  reception 
of  food.  From  the  OBSophagus  the  food  passes  into  a  considerable 
enlargement,  the  stomach.  Birds,  like  many  other  animals,  have 
a  double  stomach,  a  thin-walled  portion  rich  in  glands,  and  a 
second  part,  the  walls  of  which  are  remarkable  for  the  thick 
masses  of  muscle;  the  former  is  the  glandular  stomach  (c),  the 
latter  is  the  grinding  stomach  or  gizzard  (d),  serving  for  comminu- 
tion of  the  food.  Behind  the  stomach  the  digestive  tube  narrows 
into  the  small  intestine  (A),  the  hinder  widened  part  of  which  is 
the  large  intestine  (I),  terminating  in  the  anus.  The  limit  of  the 
small  and  large  intestine  is  usually  marked  by  blind  pouches,  the 
ccBca  (^').  Connected  with  the  anal  gut  also  are  the  outlets  of  the 
kidneys  {m)  and  of  the  sexual  apparatus  (n);  hence  the  terminal 
portion,  serving  as  the  outlet  for  the  urine  and  faeces,  and  also  for 
the  sexual  products,  is  called  the  cloaca  (o). 

In  animals  which  require  abundant  food  the  area  of  the 
alimentary  tract  is  not  sufficient  to  furnish  the  digestive  fluids,  so 
that  evaginations  of  the  wall  (glands)  serve  to  increase  this.  Into 
the  mouth  empty  the  salivary  glands;  into  the  first  part  of  the 
small  intestine,  close  behind  the  stomach,  the  liver  {e)  and  the 
pancreas  (g)  (or  a  single  glandular  apparatus,  whose  secretion 
combines  the  characters  of  gall  and  of  pancreatic  juice,  the  hepato- 
pancreas).  Finally,  in  the  hind-gut  there  sometimes  occur  glands 
which  form  a  fetid  secretion — ^the  anal  glands.  The  length  of  the 
digestive  tract  is  chiefly  influenced  by  the  kind  of  food.  In  many 
groups  of  animals  there  is  found  a  difference  between  herbivores 
and  carnivores,  the  former  having  a  very  long  and  consequently 
convoluted  digestive  tract.  That  of  a  carnivore  is  about  four  or 
five  times  the  length  of  the  body,  while  in  an  herbivorous  ungulate, 
on  the  other  hand,  it  is  twenty  to  twenty-eight  times.     Similar, 
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though  not  BO  great,  are  the  differences  between  camiyorouB  and 
plant-eating  beetlee. 

n.  KMplrntory  Orguu. 

Sources  of  the  Oxygen  used  in  Breathing. — The  oxygen  which 
each  animal  mnet  obtain  in  exchange  for  the  carbon  dioxide  formed 
in  the  tissnes  ia  derived  either  from  the  air  or  from  the  water, 
according  ae  the  animal  is  terrestrial  or  aquatic.  Less  frequently 
it  is  the  case  that  water-dwellers  breathe  air,  and  hence  are  com- 
pelled, from  time  to  time,  to  rise  to  the  surface  of  the  water  for  a 
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supply  of  air;  this  is  tme  for  the  great  marine  mammals,  and  for 
many  insects,  spidere,  and  snaUs  which  are  found  in  fresh  water. 
Air-  and  water-breathing  takes  place  exclusively  through  the  skin, 
so  long  as  this  is  delicate  and  readily  permeable,  and  so  long  as 
DO  higher  development  of  organization  necessitates  a  more  active 
interchange  of  material.  If,  on  the  other  hand,  the  demand  for 
oxygen  be  greater,  other  more  special  breathing-organs  are  found 
—gills  for  water-breathing,  lungs  and  trachete  for  air-breathing.  In 
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addition  to  which  the  skin  functions  as  an  accessory  organ  of  more 
or  lesa  importance. 

Gills. — The  gille  are  naually  thin-walled  areas  of  the  akin 
which  are  abundantly  enppljed  witli  blood-vessels,  and  where  richly 
branched  tuftlike  projections  or  broad  leaves  have  grown  out,  thus 
furnishing  the  largest  possible  surface  for  the  interchange  of  gases ; 
these  occur  in  such  a  position  as  to  be  most  exposed  to  fresh  water; 
in  the  crayfish,  for  example,  they  are  on  the  legs,  where  the  motion 
drives  fresh  water  constantly  through  them  (fig.  61);  in  the 
swimming  worms,  on  the  back;  in  the  tnbe-dwelling  worms,  at 
the  anterior  end,  projecting  out  of  the  tube  (fig.  63);  in  most 


amphibians  (fig.  4),  on  each  side  of  the  neck.  More  rarely  the 
digestive  tract  functions  for  water- breathing;  in  the  fishes, 
Enteropneusta,  and  tunicates  gills  have  beeu  formed  in  connection 
with  the  pharynx,  its  lateral  walls  being  pierced  by  the  gill-slits, 
which  open  to  the  exterior  on  the  surface  of  tbe  body.  The  water 
containing  oxygen  in  solution  passes  out  through  the  gill-slits,  and 
bathes  the  gill -filaments,  which  are  richly  provided  with  blood- 
vessels.    The  hind-gnt  also  in  many  fishes,  insects,  and  worms 
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may  become  an  accessory  respiratory  organ,  being  filled  from  time 
to  time  witb  fresh  water. 

Aerial  Respiration. — In  the  air-breathing  animals  the  respira- 
tory apparatus  is  derived  either  from  the  digestive  canal  or  from 
the  skin.  With  the  vertebrates  the  former  is  the  case,  since  the 
lungs,  either  directly  or  by  the  mediation  of  the  trachea  and  bronchi, 
are  in  connexion  with  the  lumen  of  the  digestive  tract.  On  the 
contrary,  in  the  case  of  invertebrate  animals  (snails  and  spiders) 
when  the  term  Mung^  is  used,  it  refers  always  to  an  invagination 
or  sac  of  the  skin;  of  such  a  nature  are  the  trachead  of  insects, 
tubes  containing  air,  beginning  at  the  surface  of  the  body  with  a 
hole  or  stigma,  and  branching  internally  (fig.  59,  st). 

Distinctions  between  the  Respiratory  Systems  of  Chordates 
and  Invertebrates. — In  general,  then,  a  distinction  can  be  drawn 
hetween  the  respiratory  systems  of  yertebrate  and  invertebrate 
animals:  in  the  former,  the  digestive  tract,  or  derivatives  from  it, 
are  respiratory;  in  the  latter,  on  the  contrary,  it  is  the  skin.  On 
the  side  of  the  vertebrates  the  only  exceptions  are  most  amphibians 
and  a  few  fishes  (Proiopterus),  in  which  the  gills  are  tuftlike  pro- 
jections of  the  skin  (figs.  4  and  5);  while  among  the  invertebrates 
some  aquatic  insects  respire  by  the  hinder  end  of  the  digestive 
tract. 

III.  Circulatory  Apparatus. 

In  order  that  the  oxygen,  taken  up  by  the  respiratory  organs? 
and  the  constituents  of  the  food  digested  in  the  alimentary  canal 
may  reach  the  tissues,  there  is  no  need  of  special  organs,  so  long 
as  the  body  consists  of  only  two  thin  epithelial  layers,  the  ectoderm 
and  entoderm.  When,  however,  a  third,  a  mesodermal,  layer  is 
interpolated  between  these,  and  the  body  consequently  becomes 
more  bulky,  there  is  usually  some  apparatus  for  distributing  the 
food.  The  simplest  is  when  the  digestive  tract  departs  from  the 
character  of  a  straight  tube  and  branches,  and  by  means  of  these 
hranches  extends  into  the  various  parts  of  the  body.  We  speak 
then  of  a  gastro-vascular  system,  because  the  alimentary  canal 
itself  takes  on  the  function  and  the  branching  arrangement 
generally  characteristic  of  the  vessels  or  ^  vascula '  (fig.  63). 

Ccelom. — The  coelom  or  enteroccele  is  apparently  derived  from 
a  pair  of  gastric  diverticula  which  have  become  completely  cut  off 
from  the  archenteron  (compare  development  of  mesoderm,  infra). 
It  is  a  cavity  pushed  in  between  the  intestinal  tract  and  the  body- 
wall,  is  lined  by  a  special  epithelium,  the  peritoneum^  and  encloses 
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most  of  the  vegetative  organs.  If  the  two  halved  of  the  coelom 
approach,  without  uniting,  dorsal  and  ventral  to  the  gut,  the 
result  is  dorsal  and  ventral  membranes,  the  mesenteries,  which 
support  the  alimentary  canal.  Of  these  the  ventral  is  most  fre- 
quently, the  dorsal  least  often,  degenerate.  In  many  invertebrates 
the  ccelom  plays  an  important  role  in  nutrition  since  it  contains  u 
lymphoid  fluid,  rich  in  proteids  and  containing  cellular  corpuscles. 
It  loses  this  significance  the  more  the  blood  system  is  developed. 


Kio.63.  Flo.«. 

Fia.  08.— i>pfnplnnn  trtiatUarts.  a.  moath  ;  h.  buccal  caritr;  c.  oiWDlDgof  the  hend 
of  the  pharjrni  iDto  the  hnccnl  cavity:  d.  central  Htomach;  e.  branched  entn- 
dermal  gat;  /,  Kangllon;  o.  testicle:  h.  eemiiiBl  veelcle:  )i,  uterus;  I.  receptaculum 
BcmlDla ;  in.  female  sexual  opening. 

Fio.  U.— Schema  ol  circulation  of  the  bl[H>d.  a.  arteries:  t,  capillaries:  fi.  auricle: 
h,  ventricle ;  W,  valves :  p.  pericardium  ;  r,  veins. 

and  in  the  vertebrates,  so  far  as  nutrition  is  concerned,  it  is  a 
rudimentary  organ. 

A  sharp  distinctioD  should  be  drawn  between  the  ccelom  and  otiier 
caviiiee  in  the  body.  Not  every  '  body  cavity'  is  a  ccelom,  but  frequently 
Ihere  occur  large  sp&ces  which  are  entirely  different  iii  origin  and  iti 
relations.  Frequently,  na  Jii  arthropods,  these  'body  cavities'  contniii 
blood  and  are  in  reality  but  expansions  of  the  vascular  system.  To  such 
cavities  the  term  hmnocale  has  been  given. 

Heart,  Arteries,  Veias,  Capillaries. — The  most  complete 
method  of  food  distribution  is  accomplished  by  the  blood-vesaels. 
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which,  therefore,  belong  generally  to  the  higher  animals,  and 
function  whether  a  body  cavity  is  present  or  not.  Blood-vessels 
are  tabes  with  fluid  contents,  the  blood,  which  transports  the 
oxygen  received  through  the  respiratory  organs,  as  well  as  the  food 
absorbed  from  the  digestive  tract,  and  later  gives  these  up  to  the 
tissues.  Since  such  an  interchange  of  substances  presupposes  that 
the  blood  circulates  in  the  vessels,  definite  parts  in  the  course  of 
the  blood-vessels  are  contractile ;  they  are  covered  by  muscles  which 
by  their  contraction  narrow  the  tube  and  push  the  fluid  forwards. 
In  the  lower  forms  wide  areas  in  the  course  of  the  blood-vessels  are 
contractile;  in  higher  animals  a  greater  regularity  of  circulation 
is  reached;  a  definite  specialized  muscular  part  of  the  course,  the 
heart  J  alone  propels  the  blood. 

The  Higher  Deyelopment  of  the  Heart. — A  free  motion  of  the 
heart  is  only  possible  when  it  is  separated  from  the  contiguous 
tissues  and  enclosed  in  a  special  cavity  (fig.  64).  Hence  wo  sec 
that  the  heart  always  lies  either  free  in  the  body  cavity  or  enclosed 
in  a  special  pouch  {p)y  the  pericardium  (in  all  cases  a  portion  of 
the  general  body  cavity,  but  not  always  of  the  ccelom,  which  has 
become  independent).  The  division  of  the  heart  into  a  part  which 
receives  the  blood,  the  atrium  or  auricle  (/«),  and  a  part  which 
drives  the  blood  onward,  the  ventricle. {k),  is  of  less  functional 
importance;  hence  this  division  is  not  carried  out  in  all  cases. 
There  are  also  special  mechanisms  within  the  heart,  the  valves 
(kl)j  which,  by  closing,  prevent  the  blood  from  flowing  back  when 
the  walls  relax  at  the  end  of  the  contraction. 

Blood-vessels. — In  order  that  the  blood  system  may  properly 
perform  its  function,  in  addition  to  circulation,  it  is  necessary  that 
the  nutritive  substances  be  readily  taken  up  and  given  out  again 
to  the  tissues.  The  part  of  the  course  of  circulation  concerned  in 
this  must  have  easily  permeable  walls,  must  be  widely  distributed 
in  the  body,  and  have  a  large  superficial  area.  These  demands  are 
met  by  the  capillaries  (t),  extremely  fine  and  thin-walled  tubes, 
which  surround  and  permeate  all  organs.  Through  their  walls, 
usually  formed  of  a  thin  epithelial  layer  alone,  the  proteid  substances 
for  nourishing  the  tissues  can  pass,  and  the  oxygen  can  be 
exchanged  for  carbon  dioxide.  Between  the  heart  and  the  capil- 
laries there  exists,  corresponding  to  their  different  functions,  great 
differences  in  structure;  they  must  therefore  be  united  by  special 
transitional  vessels — vessels  which  begin  large  and  thick-walled  at 
the  heart,  and  by  branching,  and  thinning  of  their  walls,  pass 
gradually  into  the  capillaries;  of  such  vessels  there  are  two  kinds. 
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the  firmer  arteries  (a)  leading  to  the  capillnry  region,  and  the 
thinner-walled  veins  (v)  leading  back  to  the  heart. 

Correlation  ot  Respiratory  Organs  and  Blood  STStem. — It  is  a 
law  that  in  all  animals  the  blood-Tascnlar  system  has  been  infln- 
enced  in  its  arrangement  and  Btructure  more  by  respiration  than 


Fio,  66.— Scheme  ot  clrcnlatlon  la  a  flab,  a',  kscendlng  (ventral)  torta;  a*,  deacend- 
Ing  (doruil)  aoMA;  c,  carotid  ,  da.  Intestinal  arteries:  dc  Intestinal  capillarlea, 
dr.  iDIeBtinal  Telns:  n.  auricle:  h.  veatrlole:  ho.  afferent  gUl-nrterlBs:  kv,  efferent 

ElU-arterles :  It,  IWer-oaplllarles ;  m,  bodr-capillarles :  re  cardinal  v«tns;  rh. 
epatic  rein  i  v).  lugalar  vein. 

by  nntrition  in  the  narrower  sense;  there  exists  a  correlation 
between  the  organs  of  respiration  and  of  circnlation.  A  double 
capillary  region  must  be  distinguished;  besides  the  body  capillar; 
system  already  mentioned  there  is  the  respiratory  capillary  region, 
whose  exclusive  office  is  to  remove  the  carbon  dioxide  from  the 
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blood  and  to  furnish  oxygen  to  it  (gill  and  lung  capillaries).  A 
twofold  capillary  region  makes  necessary  also  a  twofold  system  of 
arteries  and  veins  (systemic  arteries  and  systemic  veins,  respira- 
tory arteries  and  respiratory  veins).  The  accompanying  diagram 
(fig.  65)  of  the  blood  circulation  of  fishes  illustrates  this.  Veins 
lead  from  the  capillary  region  of  the  tissues  of  the  body  to  the 
auricle  of  the  heart;  from  the  auricle  the  blood  flows  into  the 
ventricle,  and  through  the  afferent  gill-arteries  into  the  gill-capil- 
laries. Thence  it  is  conducted  through  the  *  gill-veins '  (efferent 
arteries),  which  unite  into  a  single  large  trunk;  this  again  gives 
off  lateral  branches  passing  into  the  capillary  region  of  the  body. 
Since  the  branches  of  the  main  trunk  formed  by  the  *  gill-veins* 
lead  again  into  a  capillary  region,  they  must,  like  the  main  stem, 
be  called  arteries. 

Arterial  and  Venous  Blood. — During  its  course  through  the 
body  the  blood  twice  changes  its  chemical  character  and  corre- 
spondingly its  color.  The  blood  which  flows  from  the  body 
capillary  region  has  given  up  its  oxygen  to  the  tissues,  receiving 
in  exchange  carbon  dioxide,  and  has  become  dark  red.  This 
character  is  maintained  until,  in  the  gill-capillaries,  it  again 
becomes  oxygenated,  giving  up  the  carbon  dioxide  and  becoming 
bright  red.  The  different  character  of  the  blood  can  be  recognized 
in  the  arteries  and  veins  of  the  systemic  circulatory  system;  the 
dark  blood  containing  carbon  dioxide  is  called  venousy  and  the 
bright  red,  containing  oxygen,  arterial  blood,  since  the  former 
flows  in  the  veins,  the  latter  in  the  arteries.  These  terms  are 
entirely  unsuitable,  as  can  readily  be  seen  from  the  above  diagram 
(fig.  65),  because  they  easily  lead  to  the  false  assumption  that  veins 
must  always  conduct  blood  containing  carbon  dioxide,  and  arteries 
always  oxygenated  blood.  In  opposition  to  this,  the  diagram 
shows  that,  in  the  respiratory  circulation  (the  shorter  course),  the 
conditions  must  be  the  reverse  of  those  in  the  systemic  circula- 
tion, since  here  the  arteries  contain  ^venous,'  while  the  veins 
contain  'arterial,'  blood. 

Closed  and  Lacunar  Blood-vascular  Systems.— Such  a  blood- 
vascular  svstem  as  has  here  been  described  is  called  a  dosed  one, 
because  the  blood  always  flows  in  special  tubes  provided  with  their 
own  walls.  Opposed  to  the  closed  stands  the  lacufiar  blood-vascular 
syaiem;  here  the  blood-vessels  lose,  after  a  time,  the  character  of 
tubes  and  become  wide  cavities,  or  sinuses,  which,  without  special 
walls,  are .  enclosed  between  the  intestines  and  other  organs 
(hsemocoBle,  supra). 
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Example  of  Lacunar  Blood-vascular  System — Tho  best  exam- 
ple of  n  lai^tinar  blood-vascular  system  is  furnished  by  the  insects 
and  myriapods,  which  have  only  the  heart  and 
short  arterial  trunks;  from  the  ends  of  the 
arteries  the  blood  enters  the  hemocisle,  and 
from  this  through  lateral  slits  (ostia)  again 
enters  the  heart  (fig.  60).     In  the  groups  of 

•  arthropods  and  molluscs  are  found  all  transi- 
X    tions  between  so  extreme  a  case  of  a  lacunar 

•  9    blood- vascular  system  and  the  almost  com- 

pletely closed   one.      Here  appears  again    a 
close  correlation  of  the  circulatory  and  rexpir- 
atory    organs,    llie    latter   determining    the 
•■  development  of  the  former.     If  the  respira- 

P"   tion  be  diffusely  distributed  over  or  through 
the  body,  and  the  distribution  of  the  oxygen 
goes  on  without  special  vessels,  the  circula- 
tory apparatus  is  very  simple;  on  the  other 
liand,  if  the  respiration  be  connected    with 
definitclv  restricted  areas,  and  a  regular  <lig- 
ihe  heart  of  Scninptn-  triDution  of  oxygen  be  necessary,  the  appara- 
fi™cephaUc'artBrv?ni'..   tus  is  di£fereiitiate{l  into  heart,  arteries,  veins. 
»r*arttr?f  imT  aiftiv  and  Capillaries.     Details  may  be  found  in  the 
JS[''cham^rs  ofhwire  ■  Bectious  oD  cnistaceaus,  spiders,  and  insects. 

Lymph-vessels. — A  special  part  of  the  vascular  system  is  the 
lymph  syttem,  which  is  known  only  in  vertebrates.  In  the  capil- 
lary  region  of  tho  body,  it  is  true,  protpids  may  pass  over  into  the 
tissues,  but  it  is  evident  that  a  possible  overflow  cannot  re-enter 
the  blood-vossels  in  the  same  way,  oil  account  of  the  higher  pres- 
sure prevailing  in  tho  capillaries.  This  overflow  is  conducted  back 
to  the  veins  through  the  lymph -vessels.  The  lymph-vessels  begin 
with  tacuuie  in  the  tissues,  and  gradually  pass  into  vessels  with 
definite  walls.  The  lymph-vessels  of  the  digestive  tract  are  par- 
ticularly important  since,  during  digestion,  they  become  filled  with 
the  proteid  and  fatty  constituents  of  the  digested  food;  they  are 
culled  the  c/nile-re.txel!',  because  they  contain  the  chyle,  distin- 
guished from  ordinary  lymph  by  its  milky  color. 

Cold-  and  Warm-blooded  Animals.^In  connexion  with  the 
blood -vascular  system,  two  expressions  are  much  used  but  not 
generally  correctly  understood  by  the  general  public,  viz.,  cold- 
blooded   and   warm-blooded — or,   more   correctly,   animals   with 
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variable  and  animals  with  definite  temperatures.  Under  the  head 
of  animalB  with  varying  temperature  (poikilothermous)  or  cold 
blood  are  placed  forms  whose  temperature  is  largely  dependent 
upon  the  temperature  of  the  environment,  rising  and  falling  with 
it,  but  usually  a  few  degrees  above  it.  In  our  climate,  where  the 
atmospheric  temperature  is  considerably  lower  than  the  tempera- 
ture of  the  human  body,  such  animals,  for  example  the  frog, 
would  feel  cold  to  our  touch,  since  they,  particularly  iu  the  cool 
season,  have  a  much  lower  temperature  than  we. 

Such  creatures  as,  living  under  any  thermal  condition,  maintain 
about  the  same  temperature,  are  termed  warm-blooded  or  definite- 
temperatured  (idiothermous,  homoiothermous)  animals.  Man  in 
summer  and  winter,  under  the  equator  and  at  the  north  pole,  has 
approximately  a  temperature  of  36°  C.  (98 1°  F.),  showing  higher 
temperatures  only  in  fever.  In  order  to  maintain  a  constant  tem- 
perature during  the  varying  external  conditions,  the  animal  must 
have  a  heat-regulator;  it  must  have  the  power  to  regulate  the 
warmth  of  its  body,  on  the  one  hand  by  limiting  the  production  of 
heat,  on  the  other  by  controlling  its  loss.  If  the  environment  be 
warmer  than  is  suitable  for  the  body  temperature,  then  the  pro- 
duction of  heat  must  be  limited  to  the  smallest  quantity  com- 
patible with  the  vital  processes;  but,  if  this  does  not  suffice,  the 
loss  of  heat  must  be  increased  by  evaporation  from  the  surface, 
usually  accomplished  by  active  perspiration.  If,  on  the  contrary, 
the  environment  be  cold,  then,  conversely,  every  unnecessary  loss 
of  heat  must  be  avoided,  while  the  production  of  heat  must  be 
increased.  It  is  clear  that  idiothermy,  since  it  requires  compli- 
cated apparatus,  can  occur  only  in  the  highly  organized  animals. 

IV.  Excretory  Organs. 

Nature  of  the  Organs  of  Excretion. — The  excretory  organs  are 
tubes  or  glandular  canals  which  open  upon  the  surface  of  the  body, 
either  directly  or  by  way  of  an  end-gut  (cloaca),  and  conduct  sub- 
stances which  have  become  useless  to  the  body  to  the  exterior. 

The  presence  of  a  blood  vascular  system  or  a  coelom  or  both 
together  exercises  an  important  influence  on  their  structure. 
When  neither  are  developed  the  excretory  tubules  iu  order  to 
remove  the  excreta  from  the  tissues  must  branch  and  penetrate 
the  body  in  all  directions  like  a  drainage  system,  being  frequently 
connected  in  a  network  recalling  the  blood -capillaries  (proto- 
nephridia   or   water- vascular  stfdeni   of  parenchymatous  worms. 


.6  GBNERAL  PHISC1PLB8  OF  ZOOLOGY. 

;.  67).  The  canals  begin  with  closed  tubes,  which  &re  provided 
internally  at  the  end  with  a  bundle  of 
actively  vibrating  cilia,  the  '  flame '  (fig. 
68).  One  or  more  main  trunks  lead  from 
the  canal  system  to  the  exterior.  A  little 
before  the  external  opening  (excretory 
pore)  there  is  frequently  a  contractile 
enlargement,  the  urinary  bladder. 

With  the  appearance  of  a  coelom  there 
is  a  central  place  for  the  collection  of 
excreta.  The  nephridia  or  segmental 
organs  —  usually  simple  tubes  (rarely 
branched)  open  at  both  ends — lead  from 
this  to  the  exterior.  One  opening  is  ex- 
ternal (fig.  69),  the  other  communicates 
with  the  ccelom  by  means  of  a  ciliated 


Fis.  S:.  Fio.  w. 

Tut.  «:.— IXgtimium    HtpaUevm   with    water-vaiictilar    sygtem.      (From    Hatsch«k.) 

pt  porus  excretorlUH ;  o,  month. 
Fio.  SB.— Blind  end  of  one  ol  ihe  flneet  water-vascular  canals  ik)  of  a  Torbrllarlan. 

(l>'roiD  Lang.)    n.  nucleua;  /,  procesiieB  of  the  terminal  cell :  ir/,  'flame'  of  tbe 

termlnalcell;  d. vacuole. 

funnel,  the  nephrostome,  a  wide  mouth  with  active  cilia  which 
connects  with  tbe  canal  of  the  tube.  Through  this  tbe  ex- 
cretion (in  annelids  peritoneal  cells  laden  with  guanin — the  dis- 
integrated '  chloragoguo '  cells)  is  carried  to  the  outside. 

The  excretory  organs  (kidneys)  of  vertebrates  are  derived  from 
fluch  nephridia.  The  fact  that  in  the  embryos  (and  frequently  in 
the  adults)  these  open  into  the  c<elom  by  nephrostomes  makes  it 
probable  that  also  in  the  vertebrates  the  ctelom  was  once  important 
in  excretion  (fig.  70).  The  increasing  importance  of  the  blood- 
Tossels  which  envelop  the  nephridial  canals  and  bring  to  them 
the  waste  matter  taken  from  the  tissues  is  probably  the  cause  of 
±he  loss  of  connexion  of  the  kidneys  with  the  ccelom  by  degenera- 
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tion  of  the  nephroetomata.  The  relation  of  the  blood-Tesaels  to 
the  nepliridial  tubes  becomes  specially  close  by  the  development 
of  the  glomerali  (Malpighiau  corpuscles);  bandies  of  capillarleB 


Pia.  49.— SeffmeDtal  OTun  of  (in  01<Bochst«.  (From  Lmir.)  fz.  cllUted  funnal;  dlf, 
■eptum  ;  no',  non-gtaadDlBr.  luf.  glandular,  part  of  the  coDal ;  th,  tsrinlnkl  r«a- 
Icle;  In.  body-wall. 

Fio.TO.-Di«rr«mDf  IhoprlmitlvelUdneyoravertebrate.  (From  Hataohek.)  Dotted 
line*  mark  the  llmlta  of  the  Beements.  A.  anal  ooealng:  P.  mnutb  of  tbe  duct  of 
..       ....  ^., „.  ,.     _._^ -f.  MalptBh'--  "-"■  -     ■  ■■ 


e  primltlv 


kidney  (IT);  JV'n,  nephroi 


plKbian  bodies  of  the  seg- 


carrying  the  walls  of  the  canal  before  them  and  so  projecting  into 
the  lumen  of  the  tube. 

B.   Sexual  Organa. 

Sexual  Glands  and  Ducts. — In  the  sexual  apparatus  of  animals 
are  distinguished  the  areas  where  the  germinal  cells  are  produced, 
the  sexual  glands  or  gonads,  and  the  ducts  for  these.  The  former 
are  present,  temporarily  or  permanently,  in  all  multicellular 
animals;  the  latter,  on  the  contrary,  may  be  completely  absent. 
If  tlie  sexual  products  arise  in  the  skin  or  in  the  walls  of  the 
digestive  tract,  as  is  usually  the  case  in  the  ccelenterates,  then 
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special  outleta  are  Buperfluous,  since  the  ripe  elements  can  reach 
the  exterior  directly  by  rapture  of  their  covering  or  by  meuns  of 
the  digestive  tract. 

Germinal  Epithelium  and  Germinal  Glands. — Male  and  female 
sexual  cells,  as  we  have  seen,  originate  from  an  undifferentiated 
incipient  organ,  or  anlage,  which  is  called  the  germinal  epithelium. 
Usually  it  forms  a  part  of  the  epithelial  lining  of  the  body  cavity, 
in  many  animuls  permanently,  iu  others  only  temporarily;  in  the 
latter  case  it  separates,  usually  by  constriction,  and  forms  gland- 
like bodies,  the  gonads  or  sexual  glands. 

Gonochorlsm  and  Hermaphroditism. — In  most  animals  the 
germioal  epithelium  produces  either  only  female  or  only  male 
sexual  cells;  such  animals  are  called  sepanite-sexed,  ditedouf  or 


ee  spminai  Tesiciesnriae  leic  Biae,  vnicn  n —  

paired  BcmLnal  capsule  (Kill)     Enrloeed  In  Ihe  lat.,-  ...-...- 

:lni-  leBtes  Ift',  h').  Bnd  the  nnterltir  and  poBterLnr  seminal  funnels  </',  (»K  which 


the  th'ree  spmlnal  vesicles  nt  the  left  dide,  vhlcli  are  cunnerted  with  a 
'  capsule  («l>ii)     Enrlosed  In  the  latter  are  the  anterior  a 


ffonocliorixfic,  in  opposition  to  the  hermaplirodittc  forms,  in  which 
both  kinds  of  sexual  glands  are  contained  in  one  and  the  same 
individual.  Diiferent  degrees  of  hermaphroditism  can  be  diatin- 
gnished;  commonly  testes  and  ovary  are  contained  in  the  same 
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animal,  some  distance  apart,  aa  in  the  earthworm,  Id  which  two 
segments  are  male,  while  a  third  segment  is  female  (fig.  71). 
More  rarely  there  is  a  iiniou  of  testes  and  ovary  into  a  single 
glandular  body  or  hermaphroditic  gland ;  our  land-snails  have  an 
hermaphroditic  gland,  which  produces  spermatozoa  and  eggs  in 
the  same  follicle. 

Occurrence  of  Hermaphroditism,  —  Hermaphroditism  is,  in 
general,  of  more  frequent  occurrence  in  tlie  lower  than  in  the 
higher  auimals.  Insects  and  vertebrateB  arc,  almost  without 
exception,  diceaious;  only  two  cases  of  normal  hermaphroditism 
are  known  among  tliem,  a  sea-perch,  Serranus  scriba,  a  bony  6ali, 
and  Myxine  ghUino^a,  the  Iiagfish.  More  commonly  hermaph- 
roditism occurs  as  an  abnormality;  a  striking  form  is  lateral 
hermaphroditism,  in  which  one  half  of  the  animal  has  only  male, 
the  other  half  only  female,  gonads.  If  the  males  and  females  of 
a  species  be  distinguishable  by  their  appearance,  then  lateral 
hermaphroditism  is  expressed  in  their  external  form,  since  one  half 


Fio.  :2.-LB(erBl  her 

of  the  animal  has  the  characteristic  marks  of  the  male,  the  other 
half  those  of  the  female.  Hermaphroditic  Icpidoptera  and  bees 
are  known  iu  which  the  mule  half  l>earB  the  special  form  of  the 
Tualeantennie,  eyes,  and  wings,  and  thus  is  essentially  different  from 
the  female  half  (lig.  Ti).  Still  it  must  be  noted  here  that,  in 
many  instances  where  the  external  appearance  pointed  towards 
hermaphroditiam,  anatomical  investigation  has  disclosed  either 
only  male  or  only  female  sexual  glands  in  a  rudimentary  condition 
(gynandromorphism).  True  hermaphroditism  (the  presence  of 
both  kinds  of  sexual  glands  iu  the  same  animal)  is  extremely  rare 
jn  mammals  and  in  man.  What  is  described  as  liermapbroditism 
Joes  not  in  the  majority  of  cases  dosorvo  the  name. 
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Genital  Ducts — Very  frequently  in  the  animal  kingdom  the 
excretory  apparatus  furniahee  outleta  for  the  sexual  products.     In 
the  annelids  and  in  the  vertebrates  portions 
of  the  nephridiol  Bysteui,  either  exclusively 
or  in  addition   to  their    excretory  function, 
*1  )  become  accessory  sexual  organs.     Hence  we 

speak  of  a  urogenilal  mjslem,     Thia  reraark- 
I  able    connexion    of     genital    and    excretory 

I  organs  has  a  double  cause,  a  physiological  and 

an  anatomical.     Physiologically  important  is 
the  fact  that  eggs  and  Gpermatozoa  behave 
like  excreta;  being  substances  which  are  no 
longer  destined  for  the  use  of  the  individual, 
but   must   reach   the   exterior    in    order    to 
become  efficient.     The  morphological  cause 
is  the  relation  to  the  ccelom.     A  urogenital 
system  is  formed  only  in  animals  in  which  the 
germinal  epithelium  arises  from  the  epithe- 
lium of  the  ccelom,  and  in  which  the  kidneys 
tns  of  vor/tr  "SrfrfS.  or    their    rudiments   stand   permanently  in 
STs^h^ulfzB.w.'iM""  connexion   with    the   body   cavity  and   thus 
vwiculi '^MmlnaiiB:  p]  ^orm   the   natural   outlet   for   its    products. 
oviduct:'^u,"u'tOTusr^^  Whether  the  accessory  sexual  parts  are  por- 
iuro1wminl9l'oB,''yoik"  *ion8  of  the  excretory  organs  or  are  inde- 
*'"'^"'  pendent  structures,  they  have  in  the  animal 

series  a  definite  arrangement  adapted  to  their  function  (fig.  73). 
Canals  lead  from  the  sexual  glanda  to  the  exterior,  the  oviduclx  in 
the  female,  the  vaxa  deferenlia  in  the  male  (and  the  herma- 
phroditic duct  from  the  hermaphroditic  gland). 

Accessory  Sexual  Apparatus. — The  terminal  portion  of  the  vas 
deferens  is  often  very  muscular  and  is  called  tlie  ductus  ejncvta- 
toriun;  it  may  be  evaginated  aa  a  penis  or  cirrus,  or  project 
permanently  beyond  the  surface  of  the  body.  The  terminal 
portion  of  the  oviduct  ia  often  widened  so  that  two  portions  may 
be  distinguished,  the  uterus,  which  harbors  the  eggs  during  their 
development,  and  the  vagina,  which  serves  for  copulation.  In 
addition  there  may  occur  in  both  sexea  other  accessory  glands  of 
the  most  diverse  character.  Oviduct  and  vas  deferens  may  be 
provided  with  sac-like  evaginations  which  serve  for  the  reception 
of  the  sperm.  In  the  female  those  are  called  receplacttla  sentinis, 
in  the  male  vesiculm  seminales;  the  former  give  lodgment  to  sperm 
which  enters  the  female  sexual  passages  during  coition,  the  latter 
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to  sperm  which  has  becu  formed  in  the  testes  of  the  same  indi- 
Tidaal. 

Animal  Organs. 

I.  Organs  of  Locomotion. 

Voluntary  Locomotion. — The  power  to  cliange  their  location 
Tolantarily  is  a  peculiarity  so  prominent  in  animals  that  to  the 
general  public  it  is  sufficient  for  deciding  whether  an  organism 
belongs  to  the  vegetable  or  to  the  animal  kingdom.  On  this 
account  it  is  necessary  to  call  attention  to  the  fact  that  numerous 
animals  lose  the  power  of  locomotion,  becoming  fixed  to  the 
ground,  to  plants,  or  to  other  animals.  All  sponges  and  corals^, 
most  hydroid  polyps,  and  the  crinoids  among  the  echinoderms, 
have  actively  swimming  larvae,  but  become  fixed  in  the  adult  and 
thus  obtain  such  a  marked  similarity  to  plants  that,  although  true 
animals,  they  were  long  regarded  as  plants.  Further,  many  mol- 
luscs and  worms  are  firmly  fixed  by  their  shells;  indeed,  many 
emstacean  forms,  the  cirripeds,  have  completely  lost  their  free 
motility.  But  a  more  careful  investigation  in  all  these  cases  will 
show  that  the  power  of  moving  the  separate  parts  exists,  for  the 
corals  can  retract  their  tentacles,  the  cirripeds  their  featherlike 
feet,  and  the  clam  can  close  its  shell. 

Locomotion  among  Lower  Animals. — The  lowest  forms,  the 
Protozoa,  progress  almost  exclusively  by  processes  of  the  cell: 
pseudopodiay  cilia,  or  flagella.  In  the  metazoa  this  is  rarely  the 
case.  Amoeboid  movements  of  the  epithelial  cells,  indeed,  occur 
in  the  coelenterates  and  also  in  many  worms,  but  do  not  suffice 
for  change  of  position.  More  effective  is  the  ciliated  or  flagellated 
epithelium,  by  which  ctenophores,  turbellarians,  and  rotifers 
Bwim;  this  occurs,  besides,  in  many  larvae  of  animals  which,  in 
the  mature  state,  are  unable  to  change  their  location  or  do  so  only 
by  the  aid  of  muscles.  Nearly  all  coelenterates,  echinoderms, 
molluscs,  and  the  majority  of  the  worms  leave  the  egg-membranes 
in  the  form  of  the  planula,  i.e.,  as  a  larva  swimming  by  means  of 
cilia. 

Locomotion  among  Higher  Animals. — The  muscttlaiure  is  alone 
adapted  for  energetic  motions.  The  arrangement  of  this  varies 
with  and  depends  upon  the  constitution  of  the  skeleton.  Fonns 
without  a  skeleton  have  commonly  the  '  dermo-muscular  tunic,^  a 
sac  of  circular  and  longitudinal  muscle  fibres  which  is  firmly  united 
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with  the  skin.  If  a  skeleton  be  formed  by  the  skin,  as  in  the 
arthropods,  then  the  sac  breaks  up  into  groups  of  muscles,  which 
find  points  of  attachment  upon  the  dermal  skeleton;  if,  on.  the 
other  hand,  as  in  the  vertebrates,  an  axial  skeleton  be  formed,  a 
fixed  point  is  furnished  for  muscular  action,  so  that  the  muscula- 
ture obtains  a  quite  new  character,  in  particular  a  deeper  position. 
A  locomotor  apparatus  quite  unique  is  the  ambulacral  system  ot 
the  echinoderms,  a  system  of  delicate  little  tubes  with  protrusible 
portions  which  function  as  feet,  described  in  connexion  with  that 
group. 

n.  nervous  System. 

Scarcely  a  system  of  organs  in  the  animal  series  sliows  such  a 
regular  development  as  the  nervous  system.  The  different  stages 
which  can  be  grouped  may  be  termed  the  diffuse,  the  linear,  the 
ganglionic,  and  the  tubular  types. 

Diffuse  Nervous  System. — The  diffuse  type  is  certainly  the 
most  ancestral;  it  shows  the  two  elements,  nerve  fibres  and 
ganglion  cells,  regularly  distributed  through  the  whole  body,  or, 
at  least,  through  certain  layers  of  the  body.  The  skin  of  the 
body,  the  ectoderm,  is  to  be  looked  upon  as  one  of  the  fundamental 
elements  in  the  nervous  svstem,  since  it  is  related  to  the  external 
world,  and  hence  receives  the  sensory  impressions,  so  important 
for  the  development  of  nervous  tissue.  The  corals  and  hydroid 
polyps  are  examples,  since  in  them  the  ectoderm  is  permeated  in 
all  directions  by  a  delicate,  subepithelial  spider-weblik^  network 
of  nerve  fibres  and  ganglion  cells,  which  encroach  even  upon  the 
entoderm. 

Linear  Nervous  System. — From  the  diffuse  type  the  other 
chief  types  can  be  derived  through  concentration,  which  is  chiefly 
conditioned  by  the  fact  that  there  are  a  few  points  which  are  most 
advantageously  located  for  the  reception  of  sensory  stimuli,  and 
hence  for  the  development  of  nervous  elements.  In  the  medusas 
such  a  place  is  the  rim  of  the  bell;  consequently  a  stronger  nerve- 
cord  remarkably  rich  in  ganglion  cells  is  found  here.  This,  as 
well  as  the  nerve-ring  and  the  five  ambulacral  nerves  of  echino- 
derms, may  be  called  a  central  sf/stet7f,  thereby  distinguishing  the 
rest  of  the  nervous  network  as  the  peripheral  nervous  system. 

Ganglionic  Central  Nervous  System. — Numerous  transitional 
forms  lead  to  the  ganglionic  central  nervous  system  of  the  worms, 
molluscs,  and  arthropods  (fig.  74).  The  central  nervous  system 
here   consists   of  two   or  more  ganglia;   each  ganglion   being  a 
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roanded  bunch  of  regularly  arranged  nervo-fibres  and  ganglion- 
celle.  The  former  constitute  the  centre  of  tlie  mass,  and,  since 
they  croaa  in  all  directiona,  give  the  nppearance  of  fiue  granula- 
tions; this  fact  has  led  to  the  unsuitable,  beeauee  misleading,  name 
of  •  Leydig's  dotted  substance.'     The  ganglion-cells,  on  the  other 
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The 


hand,  collect  in  a  thick  layer  stound  the  dotted  snbstancc. 
peripheml  neires,  and  al.o  the  Mmmi».»TO,  the  cords  connecting 
limilar  Bsnglionic  niaMes,  extend  onttvarda  from  the  ganglia. 

SuprasMphaeeal  (oi  Cerebral)  Ganglia.-Sinoe  raort  animnk 
are  symmetrical,  the  ganglia  occur  in  pair.;  left  and  right  gangl.a 
correspond  to  one  another  and  are  connected  .imply  by  a  cord  of 
nerre-flbree,  the  transverse  comraissnre.  01  most  constant  occur- 
rence are  t«o  ganglia,  which  lie  dorailly  above  the  pl.«rj.:<.  and 
hence  are  called  the  s,iprm„ophagml  or  co-eJroi  W  m.  11  other 
ganglia  occur,  they  lie  veutrally  and  below  the  digestive  tr«,t 
(ventnil  nerve-cord). 
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Ladder  Nervous  System.— A  widely  recurring  arrangement  is 
that  termed  the  ladder  nervous  system  (of  annelids  and  Arthropods) 

(fig.  75).  Numerous  pairs  of  ganglia  (in 
the  example  before  us,  nine)  lie  in  serial 
order  on  the  ventral  side  of  the  animal,  and 
are  connected  by  longitudinal  commissures 
(connectives),  and  also  by  transverse  com- 
missures connecting  the  left  and  right 
ganglia.  The  first  pair  of  the  series  is 
formed  by  the  infra-cesophageal  ganglion, 
which  sends  out  commissures  right  and  left, 
surrounding  the  pharynx,  to  the  supra- 
oesophageal  ganglion.  The  supra-  and  infra- 
cesophageal  ganglia  together  with  the 
oesophageal  commmissures  form  the  cBSopha- 
(jeal  ring,  a  nerve-ring  surrounding  the 
oesophagus. 

Tubular  System,— The  tubular  type  of 
nervous  system  is  found  only  in  the  chbrdates 
(fig.  7G).  The  vertebrate  brain  and  spinal 
cord  may  be  regarded  as  parts  of  a  tube  with 
greatly  thickened  walls,  developed  in  differ- 
ent ways.  In  the  centre  lies  the  extremely 
narrow  central  canal,  which  widens  anteriorly 
into  the  several  ventricles  of  the  brain.  In 
a  transverse  section  the  nervous  elements 

Fio.  76.  —  Ladder  nervoDS    .     ^  ,  ,  , ,  ,      . 

system  of  Pfirceziio  wflAer  are  Seen  grouped  around  the  central  canal  in 

5?br*2iS :  B^veutro^^^^^^  the  reverse  of  that  of  the 

bHhS'^sShV^I'?^^^^^  type.     On  the  periphery  lies  a 

Siriy^'ia^eda'i^^JpJt: layer  of  uerve-fibres  (the  < white  matter'  of 

^^^^^^'  human  anatomy) ;  next  is  a  central  portion 

formed  of  ganglion-cells  and   nerve-fibres  (the  'gray  matter'), 

which  is  marked  off  from  the  central  canal  by  a  special  epithelium 

(ependyma). 

Relations  between  the  Nervous  System  and  the  Skin. — ^^For 
almost  all  animals  it  has  been  ascertained  that  the  nervous  system 
arises  from  the  ectoderm.  Therefore,  in  many  animals,  the  nerve- 
cords  and  the  ganglionic  masses  lie  pemanently  in  the  skin;  in 
others  only  during  the  development,  later  becoming  separated  by 
splitting  off  or  by  infolding,  and  thus  coming  to  lie  in  the  deeper 
layers  of  the  body  {fig.  9). 


OENSRAL  OROAKOLOOT.  125 

in.  Seiuorr  Orguu. 
SensatioiiB  of  the  Lower  Animals. — What  we  know  of  tbo 
character  of  the  external  world  is  fonuded  npon  experieDceR  gained 
through  our  sensory  organs.  We  thus  know  the  external  world 
only  in  so  far  as  it  is  accessible  to  the  senses,  controlled  by  the 
judgment.  If  things  exist  outside  of  ourselves  wliicb  have  no 
influence  upon  our  senses,  we  can  form  no  conception  of  them. 
It  follows  from  this  proposition  that  we  can  gain  knowledge  of  the 
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natural  capacity  of  the  sensory  organs  of  animals  only  by  analogy 
with  our  own  experiences.  Hence  the  distinction  of  five  senses, 
touch,  taste,  smell,  hearing,  and  sight,  based  upon  human 
physiology  has  been  extended  to  the  whole  animal  kingdom.  A 
priori,  however,  it  cannot  be  denied  that  sensations  may  ocenr  in 
animals  which  we  do  not  experience;  following  out  this  course  of 
thought  has  led  to  the  idea  of  a  'sixth  sense,'  which,  however, 
must  remain  to  us  a  meaningless  abstraction,  since  it  is  impossible 
for  us  to  conceive  of  the  character  of  a  sense  which  we  lack. 

Anatomy  gives  Insufficient  Knowledge  of  Sensory  Organs. — 
A  further,  and  still  more  important  reason  for  our  very  fragmen- 
tary knowledge  of  animal  sensations  is  the  fact  that,  in  regard  to 
the  physiological  meaning  of  the  sensory  apparatus,  it  is  seldom 
that  we  can  depend  upon  experiments,  and  consequently  we  must 
base  our  conclusions  upon  structure.  But  tbo  anatomy  of  many 
sensory  organs,  like  those  of  smell  and  taste,  is  by  no  means  so 
characteristic  that  it  alone  is  sufficient  to  determine  the  physio- 
logical significance. 

Tactile  Organs. — The  skin  of  animals  functions  as  a  tactile 
organ,  nsnaliy  over  the  whole  area,  although  not  everywhere  with 
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equal  intensity.  Prominent  parts,  tike  tlie  tentacles  of  polyps 
and  of  many  wormB,  the  antennie  of  arthropods  and  tlie  snails, 
need  only  mention.  Special  epithelial  cells  with  stiff  hairs  pro- 
jecting above  the  surface,  the  tactile  brietlea  or  tactile  hairs,  are 
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Fio.  1B,-Vater-Paclnian  corpuscle  of  the  mesentery  or  a  cat.   a,  ails  cylinder: _/,  fat; 
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tactile  {fig.  It).  Only  in  the  vertebrates  do  the  nerves  of  touch 
terminate  in  specially  modified  end  organs  (Vater-Pacini an  cor- 
puscles, corpuscles  of  Meissner,  etc.,  fig.  78);  these  usually  lie 
under  the  epithelium. 

Organs  of  Smell  and  of  Taste  are  accurately  known  only  in 
vertebrates.  The  olfactory  organ  of  fishes  consists  of  two  small 
pits  in  the  skin,  above  or  in  front  of  the  mouth. 

In  the  air-breathing  vertebrates  this  pair  of  pits  which  liere 
also  arise  from  the  skin  are  taken  into  the  dorsal  wall  of  the  two 
respirator;'  canals  leading  from  the  outside  to  the  pharynx.  Now 
since  the  olfactory  cells  distributed  in  these  pits  (fig.  37,  /5)  are 
frequently  characterized  by  bundles  of  olfactory  hairs,  while  the 
surrounding  epithelium  is  often  ciliated,  one  ia  inclined  to  regard 
as  organs  of  smell  sensory  organs  of  invertebrates  (e.g.,  medusae, 
eephnlopods),  which  have  the  form  of  ciliated  pits  and  lie  Dear  the 
respiratory  apparatus  (e.g.,  the  ospbradium  of  molluscs).  Yet 
there  are  exceptions.  Experiments  seem  to  show  that  in  the 
arthropods  tlie  antennte  probably  serve  for  smelling.  Here  the 
sensory  perception  can  bo  connected  only  with  certain  modified 
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hairs,  the  olfactory  tabules  of  the  CruBtaoea  and  the  olfactory 
cones  of  insects.  In  &  similar  way  certain  nerve  end  organs  iii 
the  region  of  the  mouth  are  considered  as  organs  of  taste,  since  the 
taste  organs  of  vertebrates,  the  so-called  taste  buds,  are  abundant 
in  the  mouth  cavity,  especially  on  the  tongue. 

Organs  of  Hearing  and  of  Sight  are  called  the  higher  sense- 
organs,  because  they  are  of  much  greater  importance  for  the 
totality  of  onr  perceptions  than  the  otlj^r  organs,  since  they  fur- 
nish sensations  which  are  quantitatively  and  qualitatively  much 
more  deSnite.  Ears  and  eyes  have  therefore  a  complicated  and 
characteristic  structure,  which  renders  them  easily  recognizable 
by  the  almost  invariable  presence  of  certain  structures  accessory  to 
their  functions. 

History  of  the  Auditory  Organs. — The  auditory  organs  of 
vertebrates  and  of  most  of  the  other  animal  groups  can  be  traced 
back  to  a  simple  fundamental  form,  the  auditory  vesicle  (fig.  79). 


Pia.  TV.— Auditor7  vehicle  o(  a  mollusc  (ritrHtruefteu).    Jf,  Bndltory  nerve  ;  Hi,  Hiiiil- 
tory  Oflla  with  the  cenirjl  cell,  Cc ;  IVt,  oiU.ii«d  obIIs  ;  01,  otoLUn.    (Afier  CUwia.) 

This  has  an  epithelial  wall,  a  flnid  contents,  the  endolympk,  and 
an  anditory  ossicle  or  ololith,  formed  from  a  single  or  from  several 
fused  auditory  concretions.  In  some  instances  the  otoliths,  to  the 
number  of  thousands,  may  remain  separate.  In  a  definite  region 
of  the  epithelial  wall  the  cells  are  developed  into  the  crin/a 
aeuflica,  the  auditory  ridge;  they  are  in  connexion  with  the 
auditory  nerve  and  bear  the  auditory  hairs  projecting  into  the 
endolymph.  Tho  otoliths  themselves  are  concretions  of  carbonate 
or  of  phosphate  of  limo  (exceptionally  in  Mysis  of  fluoride  of 
calcium).  They  nsnally  float  free  in  the  centre  of  the  vesicle,  and 
are  often  held  in  place  by  bundles  of  cilia  which  project  from  the 
non-sensitive  epithelial  cells. 
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Auditory  Pit, — Every  auditory  vesicle  develops  from  a  pitlike 
invagination  of  the  skin,  and  consequently  is  for  a  time  an  auditory 
pit.  Therefore  it  is  not  surprising  that  in  many  animals  the  organ 
has  stopped  at  the  lower  stage  of  development;  for  example,  the 
crayfish  has  an  open  auditory  pit.  On  the  other  hand,  the 
auditory  vesicle  may  develop  a  complicated  system  of  cavities  as 
in  mammals  (fig.  80),  where  it  is  divided  by  a  constriction  into 
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Fio.  80.— Diagram  of  the  human  labyrinth.  17,  utriculus  with  the  semicircular 
canals:  S.  sacculas  connected  with  the  cochlea  (O  by  the  canalis  renniens;  R, 
recessns  labyrinthi;  \%  blind  sac  of  the  cochlea;  K,  apex  of  the  cochlea. 

the  sacculus  and  the  utriculus.  The  sacculus  is  provided  with  a 
spirally- wound  blind  sac,  the  cochlea,  the  utriculus  with  the  three 
semicircular  canals.  In  addition  there  is  formed  in  the  mammals, 
as  also  in  most  vertebrates,  a  sound-conducting  apparatus,  so  that 
the  auditory  organ  acquires  an  extremely  complicated  structure. 

Other  Forms  of  Auditory  Organs. — Since  there  are  animals 
without  auditory  vesicles  which  hear  well,  like  the  spiders  and 
insects,  we  must  assume  that  there  are  auditory  organs  which  ave 
formed  after  another  type.  Still  we  have  no  certain  knowledge  of 
these  except  in  the  case  of  the  tympanal  auditory  organs  of  the 
grasshoppers  (which  compare). 

Function  of  the  Semicircular  Canals.  —  Experiments  upon 
representatives  of  the  most  diverse  classes  of  vertebrates  have  led 
to  the  conclusion  that  the  three  semicircular  canals,  standing  at 
right  angles  to  each  other,  are  organs  of  equilibrium,  for,  after 
these  canals  are  destroyed,  the  animals  begin  to  stagger  and  lose 
their  balance.  It  is  probable  that  in  fishes  this  is  the  sole  function 
of  the  labyrinth;  for  it  has  not  been  determined  that  fishes  hear. 
Starting  from  this  assumption,  recent  investigators  have  attempted 
to  prove  that  the  auditory  vesicles  of  invertebrated  animals  are 
exclusively,  or  at  least  largely,  organs  of  equilibration.  This  would 
explain  the  otoliths,  for  these  bodies,  of  relatively  large  specific 
gravity,  would  affect  the  crista  in  different  ways  according  to  the 
position  of  equilibrium  of  the  body.  Statoliths  would  thus  be  a 
better  name. 
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The  Eye  is  in  all  animals  recognized  by  the  character  of  the 
sensory  epithelium,  the  retina.  This  always  has  a  large  amount 
of  pigment  which  lies  either  in  the  sensory  cells  or  in  special  cells 
arranged  between  or  behind  them.  The  simplest-formed  eye, 
therefore,  appears  as  a  sharply  circumscribed  pigment-spot  in  the 
epithelium  of  the  skin,  provided  with  nerves,  commonly  also  with 
a  lens  (fig.  81). 

Rods  and  Cones The  sensory  cell  itself  bears  usually  at  its 

peripheral  end  a  process,  the  rhabdom.  This  is  a  cuticular  struc- 
ture, probably  serving  to  collect  the 
rays  of  light  and  thus  to  stimulate  the 
cell,  and  has,  particularly  in  the  verte- 
brates, a  complicated  structure,  each 
rhabdom  coBsiating  of  an  inner  and  an 
outer  portion.  Here  can  be  frequently 
distinguished  two  kinds  of  rhsbdoms,  I 
rods  and  conee  (fig.  82). 

The  Optic  GaagUon. — Before  the 
optic  nerve  divides  into  the  separate 
visoal   cells  it    forms    a  swelling,   the 


Via.  Bl.  PiO.  82. 

Ph.  si.— Ocellus  (oc)  of  &  mednsa  (LivtUx  XotOOerl)  witli  lena  (I). 

""  "?i~'il""'".  ™t'n»-..  (After  ,QoBenb»ur.)  P,  pfgment-larer;  E,  Uyer  of  iiea«ory 
cells:  O.  optic  nnKlloD:  1,  llmltaiiB  InLsrna:  i.  norvo-flb™  layers;  8,  KKnglloD- 
cella:  t.  Inner  retlcnUr  ^nJKr,  h.  Inner  graniiUr  Laytr;  o,  outer  retlcuUir  layer:  T, 
M 'Mo1l'*°"flb  '*'°'"'  *■  "'""*''"  eiternft!  S,  rods  and  cones:  10,  tapetum  nlffrumi 

optic  ganglion,  which  either  lies  as  a  detached  body  outside  of  the 
eye,  or  is  united  with  the  retina  into  a  connected  whole.     The 
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considerable  thickness  of  the'  vertebrate  retina  is  due  to  the  fact 
that  it  includes  the  optic  ganglion.  The  parts  (fig.  82)  called 
reticular  layers,  inner  granular  layer,  ganglion  cells,  and  nerve- 
fibre  layer,  constitute  the  optic  ganglion ;  the  layer  of  visual  cells 
consists  only  of  the  outer  granular  layer  and  the  connected  rods 
and  cones.  The  outer  granules  are  the  nuclei  of  the  visual  cells 
to  which  rods  and  cones  belong. 

Accessory  Structures. — The  eye  may  be  further  complicated 
by  special  refractive  bodies  (cornea,  lens,  vitreous  body)  which 
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FiQ.  83.~Horizoiital  section  through  the  human  eye.  (After  Arlt,  from  Hatschek.) 
K,  epithelium  of  the  cornea  (conjunctiva) :  C,  cornea;  vA.  anterior  chamber  of 
the  eye;  J,  iris;  hA^  posterior  chamber  of  the  eye;  Z,  zonula  Zinnii:  Os,  ora  ser- 
rata ;  Sc.  sclerotic  coat ;  CK  choroidea;  i?,  retina;  p,  papilla  of  optic  nerve;  m, 
macula  lutea,  area  of  most  distinct  vision;  VO,  sheath  of  the  optic  nerve;  NO^ 
optic  nerve;  C,  arterla  centralis;  Cc^  corpus  ciliare;  L^  lens;  Ct\  vitreous  body. 

concentrate  the  light  in  order  to  cast  an  image  upon  the  retina ; 
and  an  iris  to  regulate  the  amount  of  light.  Then,  too,  means  for 
nutrition  (the  choroid  coat)  and  for  protection  (sclerotic  coat) 
must  be  provided.  If  all  these  parts  be  present,  a  structure  results 
such  as  is  found  in  the  squid  and  in  the  vertebrates  (fig.  83). 
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The  Eye  of  the  Vertebrates. — The  eye  of  the  vertebrates 
usually  is  an  approximately  spherical  body  whose  surface  is  formed 
by  a  firm  membrane.  Over  the  greater  part  of  the  circumference 
this  is  an  opaque,  fibrous  or  cartilaginous  covering,  called  the 
sclera,  or  sclerotica;  it  is  transparent  only  in  the  most  anterior 
part,  and  here  it  forms  by  its  greater  convexity  a  projecting  por- 
tion like  a  watch-glass,  the  cornea.  Internally  to  the  sclera  lies 
the  choroidea,  an  envelope  of  connective  tissue,  rich  in  pigment 
and  blood-vessels,  which,  at  the  junction  of  sclera  and  cornea,  is 
changed  into  the  iris.  The  iris,  the  seat  of  the  color  of  the  eye, 
is  pierced  in  the  centre  by  the  pupil,  an  opening  the  varying  size 
of  which  regulates  the  amount  of  light.  Next  internal  to  the 
choroid  follows  a  layer  of  black  cells,  the  tapetum  nigrum  (pig- 
mented epithelium),  and  finally  the  retina  itself,  the  expansion  of 
the  optic  nerve  which  enters  the  eye  at  the  hinder  part.  The 
tapetum  nigrum  and  the  retina  arise  together,  and  hence  both  end 
at  the  edge  of  the  pupil,  although  the  retina  loses  its  nervous 
character  at  the  ora  scrrata,  some  distance  from  the  outer  edge  of 
the  iris. 

The  cavity  of  the  eye  is  completely  filled  by  the  vitreous  body^ 
aqueous  humor,  and  the  lens.  For  vision  the  lens  is  the  most 
important,  since,  next  to  the  cornea,  it  influences  most  the  course 
of  the  rays  of  light.  It  lies  behind  the  iris,  fixed  to  the  anterior 
wall  of  the  choroidea,  which  here  is  changed  into  the  ciliary 
process.  In  front  of  it  is  a  serous  fluid,  the  aqueous  humor,  partly 
in  the  so  called  posterior  chamber  of  the  eye,  between  the  lens 
and  iris,  partly  in  the  anterior  chamber,  between  the  iris  and 
cornea.  The  single,  larger  cavity  behind  the  lens  is  filled  up  by 
a  jelly-like  mass  of  tissue,  the  vitreous  body.  The  image  formed 
on  the  retina  is  inverted. 

The  Various  Types  of  Eyes. — Between  the  simple  pigment- 
spot  and  the  highly  organized  vertebrate  eye  are  many  transitional 
stages:  pigment-spots  with  lens  and  vitreous  body,  with  enveloping 
and  nourishing  coverings,  etc.  The  faceted  eye  of  insects  and 
Crustacea  shows  a  special  type  of  development,  described  later 
under  the  Arthropoda. 

SUMMARY    OF  THE   MOST   IMPORTANT   POINTS   OF   ORGANOLOGY. 

1.  Organs  are  composed  of  tissues,  and  by  their  environment 
are  led  to  the  formation  of  a  body  of  definite  shape  and  to  the 
j)erformance  of  a  single  function;   consequently  every  organ   is 
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characterized  morphologically  (according  to  its  structure  and  its 
relations)  and  physiologically  (according  to  its  function). 

2.  Organs  of  different  animals  may  be  physiologically  equiva- 
lent^ afudogous  organs  (i.e.,  with  similar  functions). 

3.  Organs  of  different  animals  may  be  morphologically  equiva- 
lent^ homologous  (developing  in  similar  relations). 

4.  In  the  comparison  of  the  organs  of  two  animals  three 
possibilities  become  evident. 

a.  They  may  be  at  the  same  time  homologous  and  analogous. 

h.  They  may  be  homologous,  but  not  analogous  (swim-bladder 
of  fishes,  lungs  of  mammals). 

c.  They  may  be  analogous,  but  not  homologous  (gills  of  fishes, 
lungs  of  mammals). 

5.  Organs  are  divided  into  animal  and  vegetative. 

6.  Animal  functions  are  those  which  are  not  completely  foreign 
to  plants,  but  are  only  slightly  developed  in  them;  in  the  animal 
kingdom,  on  the  contrary,  they  undergo  an  increase  and  become 
characteristic. 

7.  Vegetative  functions  are  developed  with  equal  completeness, 
though  in  a  different  manner,  in  plants  and  animals. 

8.  To  the  animal  organs  belong  the  organs  of  motion  and 
sensation,  such  as  the  muscles,  the  sense-organs,  the  nervous 
system. 

9.  To  the  vegetative  organs  belong  the  organs  of  nutrition  and 
reproduction. 

10.  Under  nutrition,  in  the  widest  sense,  are  included  not  only 
the  taking  in  and  digestion  of  food  and  drink,  but  also  the  taking 
in  of  oxygen  (respiration),  the  distribution  of  food  to  the  parts  of 
the  body,  and  the  removal  of  matter  which  has  become  useless. 

11.  With  nutrition,  therefore,  are  concerned  not  only  the 
digestive  tract  and  its  accessory  glands,  but  also  the  organs  of 
respiration,  the  blood-vascular  system,  and  the  excretory  organs 
(kidneys). 

12.  The  male  and  female  sexual  organs  serve  for  reproduction. 

13.  The  male  and  female  organs  may  occur  in  different  indi- 
viduals {dioBcious),  or  both  may  be  found  in  one  and  the  same 
animal  (hermaphroditic), 

14.  The  highest  degree  of  hermaphroditism  is  attained  when 
one  and  the  same  gland  (the  hermaphroditic  gland)  gives  rise  to 
both  eggs  and  spermatozoa. 

15.  Very  often  the  sexual  organs  and  the  ducts  from  the 
kidneys  are  closely  united;  we  then  speak  of  a  urogenital  system. 
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IV.  Promorpholooy,  or  Study  op  the  Fcndamental  Forms. 

Organic  and  Inorganic  Bodies. — The  structure  of  the  individual 
animal  resta  upon  the  regular  combination  of  differently-function- 
ing organs.  The  organs  thus  assume  a  relation  to  one  another 
which  ia  definite  for  each  animal  group,  or  varies  only  in  subordi- 
nate ways.  If  the  various  groups  be  compared  with  reference  to 
the  principle  of  the  arrangement  of  parts,  there  appear  a  few 
fundamental  forms  which  play  a  role  in  morphology  similar  to  that 
of  the  fundamental  forms  of  crystals  in  mineralogy.  But  we  must 
not  carry  this  comparison  too  far,  and  Attempt  to  compare  the 
study  of  the  fundamental   forms,  the  promorpkology,  of  animals 


er  HDiley.)    o,  Bui>arBclal  layer 
puliie:  U,  OBCUluiD. 

with  crystallography  as  of  equal  value.  A  crystal  is  a  mass  made 
up  of  similar  parts;  its  form  is  the  necessary  and  immediate  result 
of  the  chemico-physical  constitution  of  its  molecules.  A  direct 
connection  of  this  kind  between  molecular  structure  and  funda- 
mental form  does  not,  and  cannot,  exist  in  the  organism,  since 
each  organ  is  composed  of  many  chemical  combinations.  Conse- 
(juently  there  is  lacking  also  the  mathematical  regularity  which 
occurs  in  crystals.  Even  in  the  case  of  animals  which  have  the 
greatest  regularity  in  the  arrangement  of  their  parts  there  is  not 
an  entire  conformity  to  the  demands  of  the  fundamental  form,  so 
that  we  are  compelled  to  ignore  certain  greater  or  less  variations. 
If,  for  example,  we  call  man  bilaterally  symmetrical,  we  overlook 
not  only  the  slight  asymmetry  of  a  nose  awry,  etc.,  hut  also  what 
is  more  important — that  the  liver  has  been  pushed  to  the  right. 
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the  heart  to  the  left;  and  that  the  digestive  tract  throughout  its 
entire  course  ruiis  asymmetrically. 


Find  1  n ten-ad i I  mark  the  four  planes  of  Bj-minetry' of  the  anlniHll:  rr. 
tnantle-lobeBi  t,  tentaclefli  tk^  sensory  orvana:  ^,  aeTua]  arifana;  of,  K^uiiric  nia- 
ments^  m,  anbumbrelliir  circular  muacle;  In  the  centre  tbe  croas-shaped  moutlu 

Symmetry. — Now,  accordiug  to  the  three  dimensions  of  space, 
ve  can  pass  three  axes,  perpendicular  to  each  other,  through  the 
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body  of  an  aDimal,  and  up  to  a  certain  degree  may  characterize  it 
according  to  the  nature  of  these  axes;  further,  we  maj  characterize 
it  according  to  the  planes  by  which  it  can  he  symmetrically  halved, 
the  planea  of  Bymmetry.  Thus  we  find  the  following  fundamental 
forma: 

1.  Anaxial,  asymmetrical,  irregular,  or  amorphous  funda- 
mental form  (fig.  84). 

"Z.  llomoxial,  symmetrical  in  all  directions,  spherical  funda- 
mental form  (fig.  85). 

3.  Monaxial,  radially  symmetrical  (fig.  8G). 

4.  Simple  heteraxial,  biradially  symmetrical  (figs.  87,  88). 

5.  Double  heteraxial,  bilaterally  symmetrical  (fig.  8d). 

1.  Anaxial  or  atymmelrieal  auimals,  so  culled,  are  thnse  in  wtiicli  the 
arrange  men  t  of  purls  is  not  regulnrly  de- 
fined in  «nj  direciitiii  or  space,  and  they 

therefore  may  grow  irregularly  in  any  direc- 
tion. There  is  no  flied  ceniral  point,  and 
there  ia  no  possibility  of  running  definite 
axes  through  the  body  or  of  dividing  it  into 
symmetrical  parts.  (Many  sponges  and 
many  Protozoa.) 

2.  Homaarial  or  spherical  animals  have 
the  sphere  as  their  fundamental  form;  the 
parts  of  the  body  are  nrranged  concentri- 
cally around  a  Qxed  central  point,  so  that 
any  number  of  asea  and  planes  of  symmetry 
can  be  passed  through  it ;  that  is  to  say. 
hU  lines  and  planes  which  run  through  tlio 

central  point  of  tiie  sphere.     (A  few  spheri-   Fio.  ST.-DlHKramoranactinian 

ID .  _         ..  J. ]■   ,  _- .  lufter  Andres,  from  Hatscliek). 

cal  ProtoMii,  chletly  raaioliinana.)  Sldeview,  perpendicular  to  the 

3.  Monaxial  or  radiitl  symmetry  is  much-lenuthened  main  aito. 
brought  about,  if  p;rowlh  go  on  iu  a  deflnite  direction,  and  correspond- 
ingly also  if  the  formation  of  organs  take  place  in  directions  other  than  ' 
perpendicular  to  this.  The  line  which  marks  this  direction  of  growth  im 
the  main  axis,  in  distinction,  from  the  accessory  axes  or  radii,  which  are 
all  similar  to  each  other.  The  mnin  axis  can  be  determined,  because  it  is 
longer  or  shorter  than  the  accessory  axes  ;  hut  it  may  also  be  of  the  same 
length  and  still  bo  entirety  distinct,  since  it  contains  certain  orKana  (e.g., 
the  mouth-opening)  which  are  lacking  in  the  other  planes.  In  radially 
aymmelrical  aniinala  the  same  organs  are  always  present  ifi  greater  num- 
ber and  are  distributed  regularly  around  the  main  axis  in  the  direction  of 
the  radii.  Through  audi  au  aniinal  a  great  number  of  sections  can  be 
made,  which  pass  through  the  long  axis  and  halve  the  body  symmetri- 
chIIj.  if  we  cut  the  animal  in  the  direction  of  all  the  possible  planes  of 
symmetry,  we  obtain  pieces  wliich,.in  essential  points,  are  similarly  con- 
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fltructed.     Great  groups  of  animals,  as  roost  cchiiioderiDS  nud  ccelenler- 
at«8,  are  more  or  less  complete!;  radially  symmetrical. 

4  and  5,  Tfie  next  two  fundamental  forms  have  in  common  the  fact 
that  three  unequal  axes  perpendicular  to  each  other  are  distinguishable  ; 
these  maj  be  designated  as  the  main  axis,  the  transrerse  axis,  and  the 
sagittal  axis;  this  is  the  case  if,  leaving  the  main  axis  out  of  considera- 
tion, an  arrangement  of  organs  occur  different  in  the  sagittal  direction 
from  that  in  the  transverse  direction — if  organs  lie  in  the  former  whicli 


Fia.  f«.-Cmss-wct<»n  of  an  actlnian  lAdawrtn.  dlnphnjui).    ^n.  <I1r«ctlve  Hepta 

symnietr>-  of  the  body,  while  the  aeconil  atanda  perpendicular  tu  It:  l-IV,  clr- 
cieH  uf  paired  Bepta  of  first  u>  fourth  order. 

are  lacliing  in  the  latter  or  the  reverse.  There  are  then,  if  we  lake  into 
consi<leration  the  dissimilarity  of  the  axes,  tno  possible  planes  of  sym- 
metry :  liie  nnimnl  c-in  bo  symmetricully  divided,  (1)  if  the  division  passes 
through  the  main  and  transverse  axes,  (2)  JMt  pasRes  through  the  main 
and  the  sagittal  axes.  Such  biradially  syinmttrical  animals  are  the 
ctenophores,  nelinians  (figs,  87,  88),  and  corak 

Bilateral  SymmetiT. — If  now  we  further  suppose  that  (he  ends  nf  the 
sagittal  axes  become  unlike,  that  at  one  end  are  organs  quite  dilTereiit 
from  those  of  the  otiier,  we  then  reach  the  most  usual  form,  hifaUrat 
symmetrij.  Tlie  dissimilar  ends  of  the  sagittal  axes  are  called  'dorsal' 
and  '  ventral,'  and  further  the  terms  '  right '  and  '  left '  .ire  given  lo  iho 
ends  of  the  transverse  axis;  a  bilaterally  Rvmmelric.nl  animal  can  be 
divided  symmetrically  into  ariglit  and  a  left  half  by  one  plane,  themedi.nn, 
passing  in  the  direction  of  the  longitudinal  sagittal  axis;  a  fronial  sec- 
tion (a  section  through  the  longitudinal  and  transverse  axes)  always  gives 
dissimilar  parts,  dorsal  and  ventral  sides. 
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Fro.  80.— CroiB-section  ol , 

it L,  transverse  axis;  a.  dorsal  aarcn;  t,  aoai  caviL 
sbonlder-glrdle:  h,  lieart;  m,  muacleB;  n,  anterior  i 
Cardlam  ;  ub,  neural  arch;  ul>,  hieaial  arcli ;  r,  spina,  tuiu. 

Antlmeres  and  Uetameres. — The  Gymmetrical  parte  of  an 
animal  are  called  andmeresj  each  autimero  has  organs  which  occur 
likewise  in  its  adjacent  antimere.  The  right  arm  of  man  corre- 
Bponds  to  the  left,  the  right  eye  to  the  left,  etc;  the  same  organs 
are  repeated  in  the  direction  of  the  transverse  axis.  Frequently, 
however,  the  repetition  of  organs  occurs  not  only  in  the  direction 
of  the  transTerse  axis,  but  also  in  the  direction  of  the  long  axis. 
Thus  the  body  is  made  up  not  only  of  symmetrical  parts,  the 
antimeres,  but  also  of  similar  parts  placed  one  behind  the  other, 
the  vie  tamer  es. 

Internal  and  External  Metamerism. — Metamerism  or  segmen- 
lation  is  epoten  of  when  the  body  of  an  animal  consists  of 
numerous  segments  or  metameres  (consult  fig.  50).  Very  often 
it  is  recognizable  externally — when,  for  ii;stance,  the  limitB  of  the 
segments  are  marked  on  the  surface  by  constrictions  {arthropods 
and  annelids).  But  tliis  external  metamerism  may  be  entirely 
lacking,  and  the  metamerism  find  expression  only  inlernnlly  in 
the  serial  succession  of  organs,  in  metameric  or  segmental  arrange- 
ment. Man,  for  example,  is  segmented  only  internally;  in  his 
skeleton  there  are  numerous  similar  parts,  the  vertebra,  which 
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follow  one  another  in  the  long  axis.  In  fishes  the  musculature  also 
is  made  up  of  numerous  muscle  segments,  as  any  one  can  readily 
see  by  examining  a  cooked  fish.  In  the  case  of  the  externally 
segmented  earthworm  also,  the  ganglia  of  the  nervous  system,  the 
vascular  arches,  the  nephridia  or  segmental  organs,  the  sctse,  and 
the  septa  of  the  body  cavity  are  repeated  metamerically. 

Homonomous  and  Heteronomous  Metamerism. — The  examples 
mentioned  are  well  adapted  for  illustrating  the  different  forms,  the 
homonomous  a\id  the  heteronomous^  of  metamerism.  The  earth- 
worm is  homonomously  metameric,  because  the  single  segments  are 
much  alike  in  structure^  and  only  slight  differences  exist  between 
the  anterior,  the  posterior,  and  the  genital  segments.  Man  and 
all  vertebrates,  on  the  contrary,  are  heteronomously  metameric, 
because  the  successive  segments,  in  spite  of  many  i)oints  of  agree- 
ment with  one  another,  have  become  very  unlike.  The  segments 
of  the  head  have  an  importance,  for  the  organism  as  a  whole,  quite 
different  from  those  of  the  neck,  the  thorax,  or  the  tail.  A 
division  of  labor  has  taken  place  among  the  segments  of  an 
heteronomous  animal. 

Heteronomy  and  Homonomy. — The  distinction  between  heter- 
onomy  and  homonomy  is  of  great  physiological  interest.  The 
more  different  the  segments  of  an  animal  become  the  more 
dependent  they  are  upon  one  another  in  order  to  be  able  to  func- 
tion normally;  so  much  has  the  whole  become  unified  that  the 
single  parts  can  live  only  while  the  continuity  is  maintained.  On 
the  contrary,  if  the  connexion  between  the  parts  be  less  intimate, 
they  are  more  similar,  and  the  more  able  to  exist  after  separation 
from  one  another.  This  is  most  beautifully  shown  in  instances  of 
mutilation.  It  has  been  observed  that  when  many  species  of 
LumbricidaB  are  cut  in  two  each  part  not  only  lives  on  by  itself,  but 
it  even  regenerates  the  part  which  is  lacking;  if,  on  the  other 
hand,  the  same  thing  is  done  to  a  heteronomously  segmented 
animal,  either  death  immediately  ensues,  as  in  the  case  of  the 
higher  vertebrates,  or  the  parts  live  for  a  short  time  a  hopeless 
existence,  as  can  be  seen  in  the  case  of  frogs,  snakes,  insects,  etc. 
In  metamerism  a  phenomenon  is  repeated  which  obtains  widely  in 
the  animal  kingdom,  and  contributes  towards  its  higher  develop- 
ment; first  there  is  a  reduplication  of  parts,  then  a  division  of 
labor,  so  that  the  final  result  is  a  whole  composed  of  many  parts, 
yet  uniformly  organized. 
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11.  GENERAL   EMBRYOLOGY. 

Origin  of  Organisms. — Since  the  development  of  every  indi- 
vidnal  begins  with  an  act  of  generation,  the  ways  by  which  new 
organisms  may  arise  should  be  mentioned  first  in  this  chapter. 
If  we  wish  to  limit  ourselves  to  that  which  has  been  actually 
observed,  we  must  still  cling  to  the  old  expression  of  the  renowned 
llarvey,  **  Omne  vivum  ex  ovo,"  and  modifying  it  somewhat  say, 
Omne  vivum  e  vivo:  that  every  living  organism  is  derived  from 
another  living  organism.  We  must  limit  ourselves  to  the  mode  of 
origin  which  has  been  termed  tocogony,  or  generation  by  parents. 
The  great  importance  which  the  question  of  generation  without 
parents,  or  spontaneous  generation,  has  obtained  through  the 
evolution  theory  renders  a  consideration  of  this  question  necessary 
at  this  point. 

I.  Generatio  Spontanea,  Archegony. 

Theory  of  Spontaneous  Generation. — The  old  zoologists,  even  Aristotle 
himself,  believed  that  many  animals,  including  even  highly  organized 
forms,  like  frogs  and  most  insects,  arose  by  spontaneous  generation  from 
the  mud.  Not  until  the  seventeenth  and  eighteenth  centuries  did  this 
doctrine  find  energetic  opponents,  in  Spallanzani,  Francesco  Bedi,  R5sel 
von  Bosenhof,  Swammerdam,  and  others,  who  endeavored  to  prove 
experimentally  that  all  animals  lay  eggs  which  must  be  fertilized  by  the 
spermatozoon  in  order  to  develop  further.  By  their  convincing  investi- 
gations the  doctrine  of  spontaneous  generation  was  driven  into  the  realm 
of  the  lower  animals.  Here  it  found  a  new  foundation  in  the  occurrence 
of  parasites  inside  of  animals  which,  at  the  beginning  of  their  life,  without 
doubt  must  have  been  free  from  these  internal  inhabitants.  Parasitolo- 
gists maintained  that  the  parasites  arose  quite  anew  from  the  superfluous 
plastic  material  of  their  host.  At  last,  by  a  series  of  epoch-making 
researches,  the  way  was  discovered  by  which  the  young  of  the  parasite, 
developing  from  eggs,  find  their  way  into  the  body  of  their  host.  It  was 
until  recently  considered  a  proof  of  the  doctrine  of  spontaneous  generation 
that,  after  a  time,  animal  and  plant  life  (unicellular  organisms,  infusorian 
animalcules,  etc.)  api)ears  in  water  supposed  to  contain  no  living  thing 
whatever  ;  further,  that  organic  fluids  became  foul  by  the  development  of 
the  lowest  of  the  plants,  the  bacteria.  At  present  we  know  that  in  all 
these  cases  germs  of  organisms,  carried  about  by  the  air,  are  the  cause  of 
the  new  development  of  life.  If  the  germs  be  killed  by  heating  the 
glass  and  boiling  the  fluid,  and  if  by  suitable  means  the  entrance  of  new 
germs  be  prevented,  then  such  a  *  sterilized  fluid '  remains  permanently 
unchanged.  It  has  been  found,  indeed,  that  spores,  particularly  of  bac- 
teria, bare  an  extreme  power  of  resistance,  and  in  many  cases  must  be 
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boiled  more  than  ten  minutes  before  they  are  destroyed.  As  the  final 
result  of  all  the  recent  experiments  and  observations  it  can  only  be  said 
that  the  present  existence  of  spontaneous  generation  is  not  proved.  Now 
the  question  is,  With  what  right  can  one  conclude  that  spontaneous  gene- 
ration neither  occurs  nor  has  ever  occurred  ? 

First  Origin  of  Life.— Whoever,  in  agreement  with  the  teachings  of 
astronomy,  adopts  the  view  that  our  earth  was  at  one  time  in  a  molten 
condition  and  has  gradually  cooled,  must  assume  that  life  on  the  earth 
has  not  existed  from  eternity,  but  at  some  time  has  had  its  beginning. 
If  he  wish  to  base  his  explanation,  not  upon  a  supernatural  act  of  crea- 
tion, nor  upon  hypotheses,  like  that  of  the  transference  of  living  germs 
from  other  worlds  through  the  agency  of  meteors,  there  is  left  only  the 
hypothesis  that,  according  to  the  generally  prevailing  and  still  to  be 
observed  laws  of  chemical  aflBnity,  compounds  of  carbon,  oxygen,  hydro- 
gen, nitrogen,  and  sulphur  have  been  brought  together  to  produce  living 
substance.  This  process  is  called  spontaneous  generation.  If  the  carbon, 
oxygen,  nitrogen,  etc.,  which  are  now  combined  in  a  stable  manner  in 
organisms  were  formerly  unstable,  the  conditions  for  the  origin  of  organic 
compounds,  through  whose  wider  combination  life  would  be  possible,  may 
have  been  more  favorable.  Hius  the  hypothesis  of  the  first  origin  of  life 
through  spontaneous  generation  is  cafTied  to  a  logical  postulate. 

But  the  postulate  cannot  be  extended  to  affirm  that  spontaneous  gen- 
eration must  even  now  exist.  Since  there  are  neither  observations  nor 
convincing  theoretical  considerations  for  such  a  view,  there  is  no  necessity 
to  discuss  the  objections  here. 

II.  Generation  by  Parents,  or  Tocogony. 

As  mentioned  above,  we  shall  deal  here  only  with  those  methods 
of  reproduction  which  have  actually  been  observed,  i.e.,  generation 
by  parents.  These  methods  fall  mainly  into  two  great  groups, 
asexual  and  sexual  generation,  monogony  and  amphigony^  to  which 
may  be  added  a  third  group,  a  combination  of  these  two  methods 
of  reproduction. 

a.  Asexual  Reproductio7i,     Monogony. 

Monogony  Defined. — The  chief  characteristic  of  asexual  repro- 
duction is  the  facl  that  for  it  only  a  single  organism  is  necessary. 
But  since,  in  certain  modes  of  sexual  reproduction  (herma- 
phroditism, parthenogenesis),  tbis  also  holds  true,  further  explana- 
tion is  necessary.  Asexual  reproduction  must  be  a  result  of  the 
growth  of  the  organism.  This  growth  may  be  general  and  result 
in  an  equal  growth  of  all  parts;  or  it  may  be  local  and  consequently 
lead  to  the  formation  of  an  outgrowth  in  the  region  of  greatest 
increase.  In  the  first  case  division  takes  jilace,  in  the  latter 
budding. 
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Division. — In  the  case  of  division  {cf,  figs.  119,  122,  145)  an 
animal  separates  into  two  or  more  equivalent  parts,  so  that  it  is 
not  possible  to  distinguish  the  mother  and  the  daughter  animal; 
for  the  original  animal  has  completely  disappeared  in  the  young 
generation.  The  division  is  commonly  a  transverse  one,  in  which 
the  piano  of  division  stands  perpendicular  to  the  long  axis  of  the 
animal;  less  common  is  longitudinal  division,  rarest  is  oblique 
division  (the  planes  of  division  passing  in  the  direction  of  the  long 
axis,  or  forming  an  acute  angle  with  it). 

Budding. — In  the  case  of  budding,  the  products  are  unequal. 
One  animal  maintains  the  identity  of  the  mother  animal;  on  the 
contrary,  the  bud,  the  outgrowth  caused  by  local  increase,  appears 
as  a  new  formation,  as  the  daughter  individual.  Yet  the  differ- 
ence between  division  and  budding  is  bridged  by  intermediate 
conditions;  for,  if  we  start  with  binary  division,  this  will  approach 
budding  in  the  same  degree  as  the  division  products  become 
unlike,  so  that  the  one  takes  on  more  and  more  the  character  of  a 


Fie.  90.—^,  Hydra  Qriaea  in  optical  section  with  a  bud  ;  also  B,  first  stafife  of  a  bud. 
en,  entoderm;  e/c,  ectoderm;  s,  supporting  lamella;  t\  tentacle  of  the  mother  ani- 
mal; V\  tentacle  of  the  bud;  m,  stomach;  o,  mouth. 


bud,  the  other  retaining  the  character  of  the  mother  organism. 
Such  transitions  are  chiefly  possible  in  the  case  of  terminal 
budding^  where  the  buds  appear  at  one  end  of  the  main  axis  of  the 
maternal  organism.  The  character  of  budding  is,  on  the  contrary, 
unmistakable  if  the  buds  arise  as  lateral  outgrowths  of  the  mother 
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(fig.  90),  or  if  from  the  same  mother  numerous  buds  are  simul- 
taneously cut  off  (lateral  and  multiple  budding)  (compare  fig.  20). 

b.  Sexual  Reproduction :  AmpMgo7iy, 

Amphigony  Defined. — For  sexual  reproduction  two  animals  are 
commonly  necessary,  a  female  and  a  male;  the  reproductive  cells 
— the  eggs — of  one  must  be  fertilized  by  the  reproductive  cells — 
the  spermatozoa — of  the  other,  and  thus  acquire  the  capacity  of 
giving  rise  to  a  new  organism.  Now,  since  there  are  hermaph- 
roditic animals  which  produce  simultaneously  eggs  and  sperma- 
tozoa, and  since  with  many  of  them  at  least  the  possibility  of 
self-fertilization  has  been  demonstrated,  it  becomes  clear  tliat  the 
emphasis  in  the  definition  of  sexual  reproduction  must  be  laid,  not 
upon  the  individual,  but  upon  the  sexual  products.  Consequently 
the  essential  point  of  sexual  reproduction  is  to  be  sought  in  the 
union  of  male  and  female  sexual  cells. 

Parthenogenesis  and  Ps&dogenesis. — This  explanation  is  appli- 
cable to  by  far  the  greater  majority  of  cases,  namely,  to  all  cases 
where  the  term  sexual  reproduction  can  be  applied.  Still,  in  the 
course  of  the  last  thirty  years  it  has  been  demonstrated  in  many 
instances  that  two  modes  of  reproduction  formerly  considered  as 
monogony,  parthenogenesis  and  paedogenesis,  must  be  regarded  as 
special  modifications  of  sexual  reproduction,  although  the  above- 
mentioned  conditions  are  not  strictly  satisfied.  In  both  cases  the 
eggs  develop  on  account  of  some  peculiar  internal  stimulus, 
without  the  occurrence  of  fertilization  by  spermatozoa.  In  case  of 
pcedogenesis  there  is  the  additional  circumstance  that  reproduction 
is  accomplished  by  animals  which  have  not  completed  their  normal 
development;  for  example,  the  larvae  of  certain  flies  reproduce 
before  they  have  passed  through  the  pupal  stage  and  become  flies. 
Paedogenesis  consequently  is  parthenogenesis  in  an  immature 
organism. 

Parthenogenesis  and  T3rpical  Amphigony. — Some  have  at- 
tempted to  exclude  parthenogenesis  from  sexual  reproduction  by 
claiming  that  those  eggs  which  develop  parthenogenetically  are 
pseudova,  structures  which  are  not  actual  eggs.  This  view  is 
absolutely  untenable  in  view  of  the  proof  that  the  *  pseudova' 
arise  just  like  ordinary  eggs  and  develop  like  them,  since  they 
cleave  and  form  germ-layers.  The  equivalence  of  parthenogenetic 
eggs  to  those  which  are  fertilized  is  best  shown  in  the  case  of  the 
bee,  where  similar  cells  give  rise  to  a  female  or  a  male  insect 
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according  as  they  are  or  are  not  furnished  by  the  queen  during 
oviposition  with  a  spermatozoon.  Parthenogenesis  is,  therefore, 
not  an  asexual  reproduction  which  was  antecedent  to  sexual  repro- 
duction, but  rather  a  reproduction  which  must  have  been  derived 
from  the  sexual;  it  is  a  sexual  reproduction  in  which  a  degeneration 
of  fertilization  has  taken  place.  Such  facts  show  that,  for  the 
essential  point  of  sexual  reproduction,  fertilization  (the  entrance 
of  the  spermatozoon)  forms  indeed  an  extremely  important,  but  a 
by  no  means  indispensable,  characteristic.  To  all  cases  comprised 
under  amphigony  this  definition  alone  applies:  sexual  reproduction 
is  a  reproduction  iy  means  of  sexual  cells. 

Sexual  and  Somatic  Cells. — The  distinction  of  sexual  cells  from  the 
asexual  reproductive  bodies,  the  parts  arising  by  division  and  budding,  is 
shown  by  their  relations  to  the  vital  processes  of  animals.  The  cells  of  a 
bud  have  had  a  share  in  the  vital  processes  of  the  animal  before  the  begin- 
ning of  reproduction;  they  were  functional  or  ^ somatic^  cells.  In  the 
fresh-water  polyp  (fig.  90),  when  a  bud  arises,  the  cellular  material  em- 
ployed is  that  which  was  previously  related  to  the  mother  animal  in 
exactly  the  same  manner  as  the  other  parts  of  the  body  wall.  The  sexual 
cells  of  an  animal,  on  the  contrary,  are  permanently,  or  at  least  for  a  long 
time,  excluded  from  the  vital  processes,  remaining  in  a  resting  condition, 
and  conserving  their  vital  energies.  Therefore  there  are  also  lacking  in 
sexual  reproduction  the  relations  to  growth  which  are  so  remarkable  in 
asexual  reproduction.  For,  although  very  often  sexual  reproduction  does 
not  be^in  until  the  bodily  growth  is  completed,  yet  it  is  found  repeatedly 
that  animals,  as  for  example  all  fishes,  continue  to  grow  after  the  begin- 
ning of  sexual  maturity,  until  they  are  double  or  many  times  their  size  at 
that  time.  Sexual  reproduction  is  not  even  a  special  forjn  of  growth,  but 
a  complete  renewal  of  the  organism,  a  rejuvenescence  of  it.  This  explains 
the  important  fact  that  asexual  reproduction  is  most  common  in  the  lower 
animals  (coelenterates,  worms),  but  is  lacking  from  vertebrates,  molluscs, 
and  arthropods.  The  higher  the  organization  of  the  animal  the  more 
the  vital  energies  of  its  cells  must  be  employed  to  meet  the  increasing 
demands  upon  their  functional  capacity,  and  so  the  more  necessary  is 
sexual  reproduction. 

6*.   Combined  Modes  of  Reproduction, 

Occurrence  in  the  Same  Species. — Very  often  two  modes  of 
reproduction  occur  in  one  and  the  same  species  of  animal  side  by 
side.  Many  corals  and  worms  have  the  power  of  multiplying  by 
division  or  budding,  and  also  of  forming  eggs  and  spermatozoa; 
again,  others  have  no  asexual  reproduction,  but  their  eggs  develop 
according  to  circumstances,  either  parthenogonetically  or  after 
fertilization.  The  appearance  of  two  kinds  of  reproduction  is  very 
often  governed  by  the  fact  that  individuals  with  different  modes  of 
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reproduction  alternate  in  a  quite  defiaite  rhytbm  with  each  other. 
Such  a  development  is  called  alternation  of  generations  in  the  wider 
8enBe>  and  of  this  two  special  forma  are  distinguished:  meta- 
genesis, or  alternation  of  generations  in  the  narrower  senae  (pro- 
gressive alternation  of  generations),  and  beterogonj  (regresaive 
alternation  of  generations). 

Progressive  Alternation  of  Generations.  Metagenesis. — Alter- 
nation of  generations  in  the  narrower  sense,  or  metagenesis,  is  the 
alternation  of  at  least  two  generations,  of  which  one  reproduces 
only  asexually,  by  division  or  budding,  the  other  either  exclusively, 
or  at  least  to  a  great  extent  sexually.  The  first  generation  is  called 
the  nurse,  the  second  the  sexual  animal.  The  reproduction  of 
bydromeduBffi  furnishes  the  bcbt  example  (fig.  01).     The  nurses 


here  are  the  polyps,  which,  united  with  one  another  usually  in 
DumberB  into  a  colony,  never  produce  sexual  organs,  but  bud  sexual 
animals,  the  medusa.  The  meduaie  are  altogether  nnlike  the 
polyps,  being  much  more  highly  organized,  and  freely  motile;  only 
very  rarely  have  they  preserved  the  asexual  mode  of  reproduction ; 
on  the  other  hand,  they  develop  eggs  and  spermatozoa,  from  which 
the  non-motile  nurses,  the  polyps,  develop.     This  example  shows 
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that,  in  alternation  of  generations,  there  is  not  only  a  difference  in 
the  mode  of  reproduction,  bat  usaally,  in  addition,  a  difference  in 
form  and  organization.  Between  polyp  and  medusa  the  difference 
is  so  great  that  for  a  long  time  these  two,  though  representatives 
of  the  same  species,  were  referred  to  quite  different  classes  of  the 
animal  kingdom.  In  many  cases  the  alternation  of  generations 
may  be  still  further  complicated  by  two  asexual  generations  fol- 
lowing each  other,  before  the  return  to  the  sexual  generation  takes 
place;  one  speaks  then  of  grand-nurse,  nurse,  and  sexual  animal. 
Heterogony  is  distinguished  from  metagenesis  by  the  fact  that 
the  asexual  generation  is  replaced  by  parthenogenesis.  Conse- 
quently there  alternate  animals  of  sometimes  quite  different  struc- 
ture, of  which  the  one  arises  from  fertilized,  the  other  from 
nnfertilized,  eggs.  Certain  Crustacea,  the  DaphnidsB,  show  heter- 
ogony in  a  typical  manner.  During  a  large  part  of  the  year  only 
females  are  found;  these  increase  parthenogenetically  by  'summer 
eggs';  then  males  appear  for  a  short  time;  they  fertilize  the 
'  winter  eggs,'  which  now  are  formed,  from  which  again  partheno- 
genetic  generations  arise.  Very  often  heterogony  has  been  insuffi- 
ciently distinguished  from  metagenesis,  chiefly  for  the  reason  that 
parthenogenetic  reproduction  was  regarded  as  an  asexual  mode,  as 
was  the  case  in  the  trematodes.  The  sexually  ripe  Disiomiivi 
produces  very  peculiar  sporocysts;  these  again  give  rise  partheno- 
genetically to  the  larv8B  of  Distomuniy  the  cercariae.  For  a  long 
time  the  erroneous  view  was  held  that  the  cells  from  which  the 
cercarisB  arose  were  not  eggs,  but  'internal  buds,'  'germinal 
granules.'  On  the  other  hand  there  have  been  included  under 
heterogony  modes  of  reproduction  in  which  no  parthenogenesis 
whatever  occurs.  Cases  have  been  called  heterogony  when  two 
generations  which  have  only  different  forms  and  organization 
alternate.  A  scar  is  nigrovenosay  an  hermaphroditic  worm,  lives  in 
the  frog's  lungs;  it  produces  the  separate-sexed  Rhabdonema 
nigrovenosum  living  in  mud,  from  whose  eggs  the  ascarid  of  the 
frog  is  again  produced. 

GENERAL   PHENOMENA   OF   SEXUAL   REPRODUCTION. 

In  sexual  repifoduction  a  series  of  developmental  processes  is 
observed  which  is  repeated  in  an  essentially  similar  manner  in  all 
multicellular  animals,  and  hence  these  should  be  spoken  of  here 
together.  They  are:  (1)  the  maturation  of  the  Q^g\  (2)  the 
process  of  fertilization;  (3)  the  process  of  cleavage;  (4)  the  forma- 
tion of  the  three  germ-layers. 
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1.  Maturation. 

The  egg  with  the  large  vesicular  nucleus  (germinal  vesicle) 
cannot  yet  be  fertilized;  to  render  it  capable  of  fertilization  it 
must  Undergo  a  series  of  changes — the  process  of  maturation, 
which  consists  in  the  replacement  of  the  germinal  vesicle  by  a 
much  smaller  egg-nucleus,  and  simultaneously  the  formation  at 
one  pole  of  the  egg  of  the  '  directive  corpuscles '  or  '  polar  bodies. ' 

FonnatioD  of  the  Polar  Bodies. — The  germinal  veeicle  iuitiates 
the  changes,  its  walls  disappearing,  its  contents  iu  part  mingling 
with  the  cytoplasm  of  the  egg,  in  part  being  employed  for  the 
formation  of  a  unclear  spindle  (directive  spindle).  The  latter 
places  itself  with  its  axis  in  a  radius  of  the  egg  so  that  one  pole 
is  turned  towards  the  centre,  the  other  being  in  the  superficial 
liiycr  of  the  egg  (fig.  9iJ,  a).     Now  begins  a  regular  cell-division, 


but  the  products  of  the  division  are  of  very  unequal  size;  the  larger 
part  is  the  egg,  the  smaller  quite  insignificant  part  is  the  polar 
body  (fig.  02,  h,  c).  The  hitter  projects  above  the  surface  carrying 
with  it  one  half  of  the  spindle,  and  when  the  globule  is  cut  off  half 
of  the  spindle  is  included  in  it. 

The  Second  Polar  Jlotli/. — The  part  of  the  directive  spindle 
remaining  in  the  egg  immediately  forms  a  new  spindle;  the  cell- 
budding  is  repeated  and  leads  to  the  formation  of  the  second  polar 
body.  As  a  result  two  small  cells  (fig.  92,  d,  c  f}  lie  at  one  pole 
of  the  egg,  in  many  eases  even  three,  since  during  the  formation 
of  the  second  polar  body  the  first  may  have  again  divided.  The 
part  of  the  directive  spindle  still  remaining  after  the  second  divi- 
sion  becomes  a  vesicular   resting  nucleus,  the   tgff'HUcleus,   the 
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characteristic  feature  of  the  ripe  egg  capable  of  fertilization.  In 
other  words,  by  a  double  division  there  have  been  formed  from  the 
immature  egg  four  (sometimes  three)  cells,  of  which  one  has 
received  by  far  the  greatest  part  of  the  original  mass  of  the  cell 
and  constitutes  the  ripe  egg,  while  the  others  are  small  bodies  like 
rudimentary  eggs.  The  name  directive  corpuscles  was  given  to 
them  because  in  very  many  cases  their  position  renders  possible  a 
definite  orientation  of  the  egg;  i.e.,  a  diameter,  the  long  axis,  can 
be  passed  through  the  egg,  one  end  of  which  is  marked  by  the 
directive  corpuscles.  With  reference  to  later  processes  of  develop- 
ment this  end  is  called  the  animal  pole  of  the  eggy  the  opposite 
end  the  vegetal  we  pole. 

Relation  between  liaturation  and  Fertilization. — In  raany  cases  the 
maturation  takes  place  before  the  entrance  of  the  sperm,  either  in  the 
ovary  or  at  the  beginning  of  the  oviduct ;  in  many  animals,  on  the  con- 
t  rary,  there  ensues  a  pause  after  the  firet  polar  body  has  been  formed  ;  the 
<»gg  then  requires  the  penetration  of  a  spermatozoon  in  order  to  complete 
the  further  changes,  i.e.,  the  formation  of  the  second  polar  body  and 
reconstruction  of  the  egg- nucleus.  Tiiis  dependence  of  the  last  phenomena 
of  maturation  upon  the  l)eginning  of  fertilization  led  for  a  long  time  to 
tlie  error  that  the  formation  of  the  polar  bodies  was  a  part  of  the  fertiliza- 
tion process  itself. 

2.  Fertilization, 

Copulation  and  Artificial  Fecundation. — The  term  <  fertiliza- 
tion '  in  the  scientific  sense  refers  to  the  internal  processes  which, 
after  the  meeting  of  the  egg  and  spermatozoon,  go  on  in  the 
interior  of  the  former  and  end  with  a  complete  fusion  of  the  two 
sexual  cells;  on  the  other  hand,  special  expressions  are  necessary 
for  those  preparatory  processes  whose  purpose  is  to  render  fertiliza- 
tion possible.  Very  often,  but  not  in  all  cases,  there  is  necessary 
an  active  transfer  of  the  sperm  from  the  male  to  the  female,  a 
copulation.  In  case  of  many  marine  animals,  particularl}'  most 
fishes,  echinoderms,  coelenterates,  the  eggs  and  the  spermatozoa 
are  discharged  into  the  water,  and  the  union  of  these  (impregna- 
tion or  fecundation)  depends  upon  chance.  One  can  bring  about 
then  artificially  what  is  accomplished  by  nature,  by  obtaining  from 
the  sexual  organs  the  ripe  products  and  bringing  them  together. 
For  example,  by  suitable  pressure  upon  the  body  of  sexually  ripe 
fishes  the  eggs  may  be  collected  in  one  dish,  the  sperm  in  another, 
and  the  contents  of  the  latter  poured  ever  the  former,  and  thus 
in  many  cases  an  entirely  normal  development  may  be  obtained. 
Such  a  proceeding  is  called  artificial  impregnation. 
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Fertilization. — The  process  of  fertilization  in  the  narrower 
sense  begins  with  the  entrance  of  the  spermatozoon  into  the  egg. 
Usually  the  egg  is  surrounded  by  a  gelatinous  envelope,  the 
chorion,  to  the  surface  of  which  the  spermatozoa  adhere,  and 
through  which  they  bore  until  they  reach  the  surface  of  the  egg 
(fig.  93).  But  since  the  chorion,  particularly  in  eggs  which  are 
laid  in  the  air,  may  be  hard  and  resisting,  there  exists  in  it  very 
often  a  special  arrangement,  the  micropylar  apparatus,  rendering 
possible  the  entrance  of  the  spermatozoon;  this  may  be  a  single 
canal  extending  through  the  chorion,  as  in  the  eggs  of  fishes,  or  a 
group  of  such  canals,  as  in  those  of  almost  all  insects. 

Monospermy  and  Polyspermy, — Many  spermatozoa  may  pass 
through  the  gelatinous  envelope,  or  through  the  micropyle  canal, 
but  under  normal  conditions  only  one  serves  for  fertilization. 
The  spermatozoon  which  is  in  the  slightest  degree  ahead  of  the 
others  is  met  by  a  process  of  the  protoplasm  by  means  of  which  it 
enters  the  egg.  The  egg  is  now  impervious  to  all  others.  Only 
in  the  case  of  pathological  eggs  can  two  or  more  spermatozoa 
enter  and  then  multiple  impregnation  (di-  or  polyspermy)  occurs,  a 
pathological  phenomenon.     There  are  means  of  protection  against 
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Frn.  93.— Egg  of  Astericut  glacialis during  fecundation.  (After  Foi.)  A,  entrance  of  the 
spermatozoon;  B,  the  s.jermatozoon  has  entered :  Uie  yolk-membrane  has  formed. 

this  abnormal  fertilization.  One,  though  by  no  .means  the  only 
one,  is  the  formation  of  the  yolk-membrane,  an  impermeable 
envelope  which  is  suddenly  secreted  from  the  surface  of  the  egg, 
as  soon  as  the  spermatozoon  has  accomplished  the  impregnation. 
Within  the  yolk-membrane  the  body  of  the  egg  contracts  into  a 
smaller  volume  by  discharging  some  of  the  more  fluid  constituents, 
so  that  between  the  yolk-membrane  and  the  surface  of  the  egg  a 
cavity  is  formed  easily,  recognized  in  smaller  fertilized  eggs 
<fig.  93,  B). 

• 

III  the  large  yolk-laden  eggs  of  many  insects  and  vertebrates  several 
spermntozoa  mny  normally  enter.    But  ibis  does  not  alter  the  conception 
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of  fertilization,  for  eren  liere  but  one  spermntozoon  fases  with  the  egg- 
nucleus,  the  others  degenerating  sooner  or  later. 

EBsential  Feature  of  Fertilization After  the  Bpermatozoon 

hag  pcnetmted  into  the  egg,  the  head  and  the  middle  piece  which 
contains  the  centrosome  can  still  be  recognized,  ae  the  chromatic 
and  achromatic  parts  of  the  spermatozoon  or  sperm -nucleus  (male 
pronucleuEi),  while  the  tail  and  the  Blight  amount  of  protoplasm 
disappear  in  the  yolk.  In  the  cytoplasm  of  the  egg  the  centrosomo 
of  the  sperm-nucleus  gives  rise  to  conspicuous  rays,  like  those 
observed  during  division.  Precede<l  by  these  rays  the  sperm- 
uncleus  travels  towards  the  egg-nucleus  until  it  reaches  (fig.  04); 
and  fuses  with  it  to  form  a  single  cleavage  nucleus.  Now  the 
centrosome  divides  into  two,  which  migrate  to  opposite  poles  of 
the  nucleus,  while  the  cleavage  nucleus  changes  to  a  cleavage 
spindle,  which  divides  and  thus  initiates  the  embryonic  develop- 
ment, the  successive  divisions  being  known  as  the  cleavage  or  seg- 
mentation of  the  egg.  Since  not  until  this  point  is  fertilization 
complete,  wo  arrive  at  the  fundamentally  important  proposition 
that  the  essential  feaiure  of  fertilization  consists  in  the  union  of 
fgg  and  uperm  nuclei. 


Tbe  Bpeni 
Dear  Oit  e 

Part  Played  hy  tbe  Tvo  Nuclei  in  Fertilizatioo.— In  many 
cases  an  abbreviation  of  development  may  take  place,  the  stage  of 
the  cleavage  nucleus  being  omitted,  and  the  egg  and  sperm  nucUi, 
without  previously  uniting,  pass  directly  into  the  cleavage  spindle 
This  fact  in  no  wise  alters  the  above-mentioned  proposition,  but- 
yet  it  is  important,  because  it  shows  more  plainly  in  what  way  the 
two  nuclei  participate  in  the  formation  of  the  cleavage  spindle. 
It  shows  that  of  the  chromosomes  which  form  the  equatorial  plate 
of  the  nucleus,  exactly  one  half  are  furnished  by  the  egg-nucleus. 
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the  other  by  the  sperm-nucleus.  For,  even  before  the  spindle  haa 
been  formed  and  the  contour  of  the  two  nuclei  has  disappeared. 
the  chromosomes  destined  for  the  spindle  are  completely  developed 
in  exactly  the  same  number  in  each  of  these  (fig.  95). 


Flo.96,— Fertilization  of  ^imirfiinjpiiloejfjjiiilir.  (After  Bo  verl.)  .4,  the  ends  (centro- 
Bomea)uf  the  spindle  fonned:  tS,  the  spindle  completed :  <ip,  Bperm-nut-leU9  with 
Its  cbromosomos:  ti,  egg  nucleus;  f,  polar  bodies. 

Heredity. — Recent  observations  have  furnished  a  certain  basis 
for  the  doctrine  of  heredity.  By  heredity  we  understand  tho 
transmission  of  parental  characteristics  to  the  offspring.  This 
transmission,  on  the  whole,  takes  place  with  eqnal  energy  from 
the  father's  and  from  the  mother's  side;  if  wo  take  the  average  of 
numerous  coses,  the  result  is  that  the  child's  peculiarities  hold  the 
mean  between  the  peculiarities  of  father  and  mother;  or,  in  other 
words,  male  and  female  individuals  in  the  average  have  an  eqnal 
power  of  transmitting  characteristics. 

The  Physical  Basis  of  Heredity — Since  in  case  of  all  animals 
with  external  fertilization  a  material  connexion  between  parents 
and  offspring  can  exist  only  through  the  sexual  cells,  these  latter 
must  contain  the  substances  which  render  heredity  possible; 
further,  tho  two  hereditary  substances,  in  cases  of  equal  capacity  for 
transmission,  must  be  present  in  the  egg  and  in  the  spermatozoon 
in  equal  quantity.  By  this  course  of  reasoning,  tho  chromatic 
nuclear  substance  which  forms  the  chromosomes  has  come  to  bo 
regarded  as  the  bearer  of  heredity;  for  we  kuow  that  the  egg  con- 
tains a  great  quantity  of  cytoplasm,  but  the  spermatozoon  only  the 
slightest  trace  of  it;  that,  on  the  otiior  hand,  egg-uucleus  and 
aperm-nucleus  furnish  equivalent  substances,  and  particularly  the 
same  quantity  of  chromo:?'>mes,  to  the  cleavage  spindles ;  hence  only 
the  chromatin  can  be  regarded  aa  the  hereditary  substance  (idio- 
plasm). This  supports  tlie  view  expressed  before  (p.  07)  that  the 
nucleus  is  the  bearer  of  hereditary  qualities  and  determines  the 
character  of  the  cell. 
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3.   Cleavage  Process. 


Arrangement  of  the  Cleavage  Planes. — Tlic  fertilized  egg-cell 
divides  in  rapid  succession  into  2,  4,  8,  16,  etc.,  cella,  which 
become  continually  smaller,  Biuee  the  mass  of  the  egg  does  not 
increase.  The  cells  are  called  cleavage  spheres,  or  bkstomeres, 
the  whole  process  the  cleavage  process,  or  aegmontation, 
becaose,  at  each  division,  furrows  arise  on  the  surface  which 
continue   to   penetrate   more  deeply  (fig.  93).      As  a  rule  each 
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Fia.  06,— ThesqnBlcleKvaeeof  AmphlnTtu  lonMnf'if ua.  (After  HatBchek.i  I,  dlvtslon 
Into  two  (formation  of  Ihe  flrat  moridionnl  furrow);  [1.  rflvi»l(in  Into  fnur  {aeecind 
meridional  funv>ir) forminit  four  cleHvaxe  nphereu (fatirth  Ixhldden);  III,  dIvUlon 
lntoolght(equatnrial  fnrrow;  tha  Beventh  and  atahlh  cleavane  sptieroa hidden); 
IV.  l)laatulB  in  ooIIcbI  »ectlun.  A  single  layer  of  cells  BurrouodB  the  eleavaKe 
cavltr-    In  1.  II.  ni.  a  polar  body  la  shown. 

new  plane  of  cleavage  is  as  nearly  as  possible  perpendicular  to  the 
preceding.  Hence  the  first  throe  cleavage  planes,  which  cause  the 
division  into  3,  4,  and  8  parts,  are  similarly  arranged  in  almost  all 
animals.  Using  the  globe  as  a  basis  for  comparison,  one  speaks 
of  a  first  and  a  second  meridional  furrow  (I,  II),  and  calls  the  third 
the  equatorial  furrow  (III).  The  intersections  of  the  two  meridi- 
onal furrows  form  the  poles  of  the  egg,  the  animal  and  the 
vegelalive,  ao  called  because  the  material  of  the  one  is  used  chiefly 
for  animal  organs  (nervous  system),  the  material  of  the  other  for 
vegetative  organs  (digestive  tract). 

Influence  of  the  Tolk  upon  Segmentation Different  kinds  of 

cleavage  processes  are  distinguished,  the  peculiarities  of  which 
depend  upon  two  factors:  (1)  upon  the  quantity  of  material,  food- 
yolk,  serving  for  nourishment  of  the  egg;  (2)  upon  the  arrange- 
ment of  this.  The  food-yolk  hinders  the  division,  since  it  is  a 
material  which  is  incapable  of  active  movement,  and  is  only 
passively  divided  through  the  activity  of  the  protoplasm  in  the 
cleavage  cells.  The  more  the  mass  of  this  increases  in  proportion 
to  the  protoplasm,  tlie  more  slowly  does  the  cleavage  process  pro- 
ceed. Finally  there  comes  a  point  where  the  resistance  of  tlio 
yolk  becomes  so  great  that  the  protoplasm  is  no  longer  able  to 
carry  out  the  work  completely;  then  only  the  protoplasmic  part 
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of  the  egg  IB  divided,  that  vhich  is  rich  in  yolk  remaining  an 
undivided  moss.  In  this  case  one  epeake  of  a  partial  cleavage  in 
compariBon  with  the  ordinary  and  more  primitive  mode,  the  lotai 
cleavf^e;  fnrther,  the  egge  which  show  a  partial  cleavage  are  called 
meroblaatic,  becanae  only  the  aegmented  part  of  the  egg  is  directly 
employed  in  the  formation  of  the  emhryo  or  bud  {ff\a<rr6i),  while 
the  nndividod  main  mass  serves  merely  as  food-material  in  the 
course  of  growth.  Eggs  with  total  cleavage,  on  the  contrary,  are 
called  hohblastic. 

Distrlbutioo  of  the  Yolk. — The  arrangement  of  the  yolk  is 
connected  with  the  position  of  the  nucleus;  either  the  egg-nucleus 
maintaiDS  a  central  position  and  collects  the  yolk  concentrically 
around  itaelf  {cenlrolecilkal  eggs)  (fig.  97),  or  it  is  pushed,  together 


Fio.  B7.— CentroleclthBl  egR,    (Attar  O.  Herlwlg.)    h,  nucleoB;  p,  portion  of  the  pes 

rkh  In  proloptagm:  d,  portion  rloh  In  ynlk. 
Fit).  96  — Telolecitbal  egg.    {After  O.  Hertwig.)    Letters  as  In  flg.  ST. 

with  the  greater  part  of  the  protoplasm,  to  one  pole  of  the  egg, 
while  at  the  other  pole  the  yolk  predominates  (telolecilhal  egg*). 
Since  the  nuclear  pole,  in  the  course  of  development,  always 
becomes  the  animal  pole,  there  can  be  distinguished  in  the  egg  an 
animal  part  rich  in  protoplasm  and  a  vegetative  part  rich  in  yolk 
(tig.  98).  In  many  teiolecithal  eggs  the  two  regions  pass  gradually 
into  one  another,  but  iu  others  a  distinct  boundary  separates  an 
almost  pnrely  protoplasmic  animal  portion  from  a  yolk -containing 
vegetative  portion.  This  condition  is  well  shown  in  the  bird's  egg 
(fig.  99).  Here  only  the  yolk  is  to  be  regarded  as  an  egg  in  the 
embryological  sense,  while  the  white,  the  egg-membrane,  and  the 
calcareous  shell  are  only  later  depositions  upon  the  surface  of  the 
egg.  The  chief  mass  of  the  yolk  is  dentoplasm,  upon  whiclj  rests 
a  thin  layer  of  protoplasm,  the  germinal  disc,  always  uppermost 
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whatever  the  position  of  the  egg.    The  protoplaamic  layer  contains 
the  egg-nucleiis,  and,  after  fertilization,  by  progressife  develop- 


FlB  W— Diagrammatic  loDgiCudLnal  necCIon  through  a  hIrd'B  egs.  (After  BalfoDr  ) 
(l)Thoej{n:  Ji.l..  bluaioderra;  ip.ii.,  white  yolk;  m/..  yellow  yolk.  W  Coverliimor 
Ihe  eg)C:  r.t..  yolk  membrane  ivll«llliie  membrane):  i.  and  ui..  Inner  and  outer 
Inyers  of  white:  lA.l..  chalam;  iji,m.  and  a.m,.  Inner  and  outer  shell  membrane; 
between  them  at  the  right  end  Ta  the  air-chamber  (u.t'.h.):  a,  shell. 

ment   continually  Eeparates  itself   (blastoderm)  more  and    more 
eharply  from  the  underlying  yolk. 

Various  Types  of  Cleavage. — After  the  foregoing  remarks  a 
brief  explanation  will  suRice  to  render  intelligible  the  .following 
figures  of  the  various  modes  of  cleavage. 

a.  Boloblastic  Eggs  with  Total  CleaTttge. 

1.  Equal  Cleavage. — The  yolk,  present  only  in  small  quantity, 
is  distributed  equally  through  the  egg;  upon  cleaving,  the  egg 
divides  into  parts  of  approximately  the  same  size  and  equally  rich 
in  yolk  (alecithal  eggs,  fig.  96). 

3.  Unequal  Cleavage. — The  yolk  is  abundant,  but  not  in  such 
a  quantity  as  to  prevent  complete  cleavage;  it  lies  especially  at  the 
vegetative  pole  of  the  egg,  causing  the  cleavage  in  this  region  to 
progress  more  slowly;  here  larger  cleavage  spheres  are  formed, 
because  richer  in  yolk;  hence  the  embryo,  at  the  very  first,  is 
found  to  be  composed  of  smaller  animal  cells  poor  in  yolk,  and 
larger  vegetative  cells  rich  in  yolk  (telotecithal,  holoblaBtic  eggs, 
figs.   100  and  101).     In  some  instances  of  unequal  cleavage  the 
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SB  of  the  egg  of  Petrtimi/tnn.    (After  Shipley,  from  Hat- 
ht  clekvage  apherea;  B,  bluitula  hi  meridional  section. 
The  diaslnilUirrtr  <>(  U>^  clearage  npheres  begins  with  the  equulorial  torrow. 


KVkite  of  a  SDall's  esic.  A'nnn  mutatiltlii.  (After  Bobretzkr.)  T. 
>1  furrow  has  divided  the  ess  inh)  anequal  parts;  II.  the  ttKWDd 
•  has  formed  three  smaller  and  one  laraer  olearage  sphere 


the  llrst  meridional  furr 

meridional  furrow  has  formed  three  smaller  and  one'lAraer  i 

(see u  from  the  side):  III,  the  equatorial  turrow  has  formed  fnor 


Fio.  IDI.— Unequal  cleavaite  of  a  snail's 

'>--"— t  meridional  furrow  has  divld 

inal  furrow  has  formed  thr 

■oratheside);  III,  the  equalt,..-, 

ir  larger  but  unegaal  voBetatlve  cells  (seen  from  the  animal  pole). 

ceWs  are  in  atraight  lines  (fig. 
100,  A),  but  in  others  the  cells 
alternate  (fig.  102);  this  ie  called 
spiral  cleavage  and  ia  commoQ  ia 
several  gronps. 

McToblasUc  BgE>  wltb  Partial 
CleavAge. 
3.   Dincoidal    Cleavage. — The 
yolk  is  so  collected  in  the  vegeta- 
tive  portion   of  the  egg  that  it 
_  preventecleavagejcleavage,  there- 

F to.  ice.— spiral  cieaTaee  In  crepMuio.  forc.   is    limited   to    the    regioD 
(After  conkTin.)  around  the  animal  pole  and  here 

forms  a  disc  of  small  cells,  the  anlage  of  the  embryo,  or  blasto' 
derm  (telolecithal,  meroblastic  eggs)  (figs.  99,  103). 

4.  Superjicidl  Cleavage. — The  yolk  is  collected  in  the  centre  of 
the  egg  and  preveuta  cleavage;  in  consequence  of  this  only  the 
outer  layer  of  the  egg  dividea  into  cells,  which,  in  the  form  of  a 
continuoua  superficiu!  layer,  enclose  the  unsegmented  central  mass 
(centrolecithal  eggs)  (fig,  104). 
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Distribiition  of  the  Types  of  Cleavage. — Of  the  four  types  of 
cleavage  mentioned  the  superficial  one  has  an  interest  from  the 
point  of  view  of  the  systematiat,  since  it  occnra  exclusively  in  the 
arthropods.  The  other  modes  of  cleavage  are  distributed  as  fol- 
lows: the  discoidal  has  been  observed  in  the  majority  of  the 
vertebrates  and   in    the    most    highly   organized    molluscs,   the 


Discoidal  cleOiVage  at  the  skk  or  acepliaUipod  (LolItKi  pealH). 
(After  Watase,> 


ftVHgeot  an  Insect  egg  (P/er 

.-.  - svaao  nucleus ;  B.  movement  of  the 

a  form  the  blastodermi  (,',  formation  of  tbe  blastoderm. 

cuttlefishes,  while  the  equal  and  the  unequal  cleavage  can  be  found 

in  all  the  groups  of  the  Metazoa. 

Blastnla. — Sometimes  during  the  first  stages  of  segmentation, 

sometimes  later,  there' is  nsually  formed  a  cavity,  the  cleavage  or 

ttgmentation  cavity,  between  the  cells  in  the  interior  of  the  egg; 

with  the  progress  of  development  this  cavity  becomes  continually 

larger  (fig.  100,  B).     Around  it  the  cells  lie  in  the  form  of  a  one- 

layered  or  of  a  mnuy-layered  epithelium  and  form  the  blastoderm; 

hence  the  name  for  this  stage,  hlaHodermic  vesicle,  or,  briefly, 

blashila.     The   more  yolk  there  is  present,  the  ^mailer  is  the 

cleavage  cavity;  in  centrolecithal  eggs  with  superficial  cleavage  it 

is  entirely  absent. 
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4.  Format  ion  of  the  Germ-Flayers. 

Gastrnla. — Besides  the  blastula  there  is  still  a  second  stage  of 
development,  the  gastmla  or  the  two-layered  embryo,  which   is 

common  to  all  the  Metazoa.     This  stage  is 
understood  easiest  in  the  case  of  eggs  which 
have  an  eqoal  cleavage  (fig.  105,  B);  here  it 
has  the  form  of  a  doable- walled  cup  with  a 
wider  or  narrower  mouth.     The  cavity  of  the 
cup  (the  primitive  digestive  tract  or  archen- 
teron)  is  the  beginning  of  the  most  important 
part  of  the  digestive  system;  the  opening  is 
the  primitive  mouth  or  blastopore  (prostoma). 
Of  the  two  layers  of  cells  forming  the  wall  of 
the  cup  and  uniting  at  the  blastopore,   the 
external  is  the  ectoderm  or  outer  germ-layer, 
the  internal  the  entoderm  or  inner  germ-layer. 
„     ,^     ^        ,    .        In  the   irastnila  we  meet  for  the  first  time 

Fio.  106.  —  Gastrulation       ,       .  .  .  ,  .  .,       - 

ot  Amph torus.  (After    the  formation  of  fferm-layers,  i.e.,  the  forma- 

Hatacnek)  The  animal  j        ^  ' 

pole  here  i8  above,  and    tiou  of  definite  embryonic  layers  marked  off 

the  vet^etative  pole 
below,  in  comparison 
witli  fig.  98.  In  fig. 
A  the  cells  of  the 
vegetative  pole  are  be- 
ginning to  sink  In;  B, 
the  invagination  com- 
pleted«  the  cleavage 
cavity  reduced  to  a 
slit  between  the  ento- 
derm (en)  and  the  ecto- 
derm (ex);  o,  blasto- 
pore. 


from  each  other,  the  cells  not  yet  differen- 
tiated, from  which  organs  arise  through 
organological  and  histological  differentiation. 
Invagination. — The  gastrala  is  formed 
from  the  blastula  by  invagination  (fig.  105,  A), 
The  result  is  the  same  as  when  by  pressure  of 
the  finger  upon  a  hollow  india-rubber  ball 
one  side  is  pressed  in  against  the  other;  the  layer  of  vegetative 
cells  gradually  sinks  in  and  becomes  surrounded  by  the  cells  of  tlie 
animal  pole  (fig.  105,  B).  Thus  there  arises  in  the  eggj  in  addi- 
tion to  the  cleavage  cavity,  a  new  cavity,  the  anlage  of  the  lameii 
of  the  digestive  tract;  this  increases  and  finally  obliterates  the 
cleavage  cavity,  so  that  the  invaginated  part  of  the  blastoderm, 
the  entoderm,  becomes  pressed  against  the  part  which  remains 
external,  the  ectoderm. 

Modified  Modes  of  Gflfltmlation. — In  the  case  of  eggs  with  macb  food- 
yolk  the  relation  of  the  structure  and  of  the  mode  of  formation  of  the 
gastrula  is  more  difficult  to  understand.  Here,  however,  it  is  sufficient  to 
mention  the  fact  that  the  gastrula  stage  has  fortunately  been  discovered 
for  almost  all  eggs  with  a  great  quantity  of  food-yolk,  and  that  the  yolk- 
material  finds  lodgment  principally  in  the  cntodermal  cells. 

Epiblast  and  H3rpobla8t. — For  outer  and  inner  germ-layer  the  terms 
epibljist  and  hypoblast,  upper  and  lower  germ-layer,  have  been  much 
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used  ;  these  tiftmes  are  strictly  applicable  only  to  those  eggs  with  discoidal 
cleavHgc.  In  the  bird's  e(^,  Cor  example,  the  two  germ-layers  form  over 
the  unsegmented  yolk,  from  which  they  become  separated  by  tlie  gns- 
trular  cavity ;  thus,  then,  the  external  germ-layer  actually  lies  above,  the 
iiitenial  below.  Other  terms  for  the  two  germ-layers  are  eiitoblast  and 
ecto  blast. 

DcUuBUoatioii— In  regard  to  the  mode  of  development  of  the  gastrula 
many  controversies  have  arisen  which  are  not  yet  finally  settled  ;  iu  addi- 
tion to  invagination  there  mayexista  second,  but  very  much  less  frequently 


occurring  mode  of  development,  delamlnation.  In  delaminalion  the 
blastuta  may  become  two-layered  by  tangential  division  of  its  celts  (flg. 
106) ;  each  single  blastoilerm-cell,  or,  at  least,  the  majority  of  these  cells, 
by  this  division  falls  into  a  peripheral  ectodermic  and  a  central  enlo- 
dermic  cell.  In  case  of  delamiaation  the  cleavage  cavity  becomes  directly 
the  cavity  of  the  digestive  track,  a  fact  which  renders  it  difBcnIt  to 
regard  delamination  and  invagination  as  modiBcations  of  one  and  the 
same  process. 

Formatloii  of  tbe  Hesoderm.    The  Hesenchyme Many  lower 

animals,  e.g.  most  ccelente rates,  have  in  general  only  two  germ- 
layers.  When  thesq  are  laid  down  there  begins  immediately  the 
differentiation  of  mnscle  and  nerve  fibres  and  the  other  processes 
of  histological  changes  of  the  cells,  as  well  as  u  series  of  changes 
of  form,  by  which  the  gastrula  becomes  the  adult  animal.  In 
higher  organisms,  on  the  other  hand,  before  further  differentiation 
begins,  there  arises  still  a  third  germ-Jayer,  which,  owing  to  its 
position  between  the  first  two,  is  called  the  mesoderm,  mesoblast. 
or  middle  germ-layer;  this  naturally  can  come  only  from  the  cell 
material  of  the  eiisting  germ-layers,  and  indeed  only  the  entoderm 
seems  to  participate  in  it.  Two  methods  can  be  distinguished  in 
its  formation.  In  one  the  spare  between  ectoderm  and  entoderm 
becomes  widened  by  the  secretion  of  gelatinous  substance,  and 
from  the  entoderm  isolated  cells  push  into  this  jelly;  thus  there 
arises  a  middle  layer,  the  megenchyme  (fig,  107),  somewhat  similar 
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to  gelatinous  connective  tissue,  from  which  certain  organs  either 
wholly  or  in  part  take  their  origin. 

Hesotbelium. — In  the  second  case  the  mesoderm  may  preserve 
the  epithelial  character  of  the  two  primary  germ-layers,  so  that  it 


is  called  mesoihelinm.  The  mesothelium  is  c»t  off  from  the 
entoderm,  the  mode  of  development  being  shown  in  the  embryology 
of  the  worm  Siif/it/a  (fig.  108). 


Fio.  IW.— Forumtlon  of  the  mesalhelliim  and  cd^lom  or  .Sairttfn.  A.  From  the  bottom 
of  the  (tMtrulB  arlne  two  foldn,  which  rtivUu  the  Rrc^herteron  into  the  normaneiit 
digestive  trnct  and  the  ccelomlc  dlvurtlcula.  B.  The  BepnrntlOD  is  almost  Rom> 
Dieted  by  the  pushinR  up  of  the  tnlils.  aH.  miter,  mfc,  middla,  id,  inner  germ- 
layer;  mki.  somatla  layer;  lulc,  aplanchnlo  layer;  Ih.  body-cavity. 

Ccelomic  Pouches. — When  the  gastrula  of  Stujitta  has  been 
formed  two  folds  arise  from  the  arehcnteric  walls  opposite  the 
blastopore  {A),  thus  partially  separating  a  pair  of  lateral  chambers 
from  the  rest.    The  prceas  continiies;  the  blastopore  closes,  while 
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the  entodermal  folds  extend  to  the  opposite  side,  where  they  fuse 
with  the  walls  {B),  In  this  way  a  pair  of  coelomic  pouches  are 
cut  off  from  the  rest  of  the  archenteron  which  forms  the  lumen  of 
the  digestive  tract  and  its  derivatives,  while  the  walls  of  the 
pouches  form  the  mesothelium,  that  of  the  digestive  region  the 
secondary  entoderm.  In  each  coelomic  pouch  two  walls  are  recog- 
nizable, an  inner  or  splanchnic  layer  which  unites  with  the 
entoderm  to  form  the  wall  of  the  digestive  tract,  the  splanchno- 
pleure,  while  the  somatic  layer  unites  similarly  with  ectoderm  to 
form  an  outer  body  wall,  the  somatopleure.  From  the  foregoing  it 
is  evident  that  the  mesothelium  is  strictly  not  a  single  layer,  but 
consists  of  two  layers  which  pass  into  each  other,  and  that  its 
origin  is  closely  connected  with  the  formation  of  the  body  cavity. 

Occurrence  of  Mesenchyme  and  Mesothelium. — There  are  three 
possible  methods  for  the  distribution  of  mesenchyme  and  meso- 
thelium, and  these  actually  occur.  There  are  purely  mesenchy- 
matous  animals,  like  the  flat-worms,  and  purely  mesothelial,  like 
Sagitiay  many  annelids,  and  Ainphioxiis;  but  there  are  also 
animals  in  which  the  mesoderm  consists  of  mesenchvme  and 
mesothelium:  either  the  mesenchyme  arises  first  and  later  the 
mesothelium,  as  in  the  echinoderms,  or  the  reverse  order  is  fol- 
lowed, as  in  most  vertebrates. 

Histological  and  Organological  Differentiation. — All  the  organs 
of  an  animal  arise  from  the  three  germ-layers  in  this  way :  first, 
embryonic  cell  material  is  marked  off  into  separate  complexes, 
usually  by  infolding  (organological  differentiation),  and  then  later 
these  become  changed  into  tissues  {histological  differejitiation). 
The  details  differ  in  the  various  animal  groups;  the  following  is 
the  most  general:  from  the  ectoderm  arise  the  skin  with  its  glands 
and  appendages,  the  nervous  system,  and  the  sensory  epithelium; 
the  entodervi  gives  rise  to  the  most  important  part  of  the  digestive 
tract  with  its  glands;  while  muscles,  blood,  supporting  and  con- 
nective substances,  excretory  organs,  in  whole  or  in  part,  arise  in 
the  mesoderm;  the  sexual  organs  are  also  usually  mesodermal. 

RelatioiiB  of  the  Germ-layers  in  Budding. — Of  late  the  question  has  orten 
teen  raised  as  to  liow  far  the  germ-layer  theory  is  applicable  to  the  occur- 
rences in  asexual  reproduction.  At  first  one  would  expect  in  budding, 
and  still  more  in  the  case  of  division,  that  each  organ  of  the  daughter 
animal  would  arise  from  the  corresponding  organ  pf  the  materual  animal, 
or,  if  that  be  impossible  by  conditions  of  space,  from  a  mass  of  tissue 
belonging  Xo  one  of  the  same  germ-layers.  In  many  instances  this  is  cer- 
tainly the  case,  as,  for  example,  in  the  budding  of  hydroids  the  entoderm 
and  ectoderm  of  the  bud  arise  from  the  corresponding  layers  of  the  maternal 
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body  (fig.  90).  But  through  recent  investigations  exceptions  to  this  rale 
have  become  known.  In  polyzoans  and  tunicates  there  are  undififeren- 
tiated  cells  which  are  employed  in  cases  of  budding ;  these  are  elements 
without  the  characteristics  of  a  definite  body  layer  which,  independently 
of  the  position  they  assume  in  the  maternal  animal,  can  be  employed, 
according  to  need,  in  the  building  up  of  organs.  In  the  regeneration  of 
lost  parts  investigations  show  that  it  is  not  necessary  that  the  missing^ 
structure,  in  worms  and  even  in  vertebrates,  should  be  re-formed  by  the 
same  layer  from  which  it  originally  arose.  The  lens  of  Triton  arises 
ontogenetically  from  the  epithelium  of  the  skin.  If  extirpated,  it  is  regen- 
erated from  the  pigmented  epithelium  of  the  iris. 

5.   The  Different  Forms  of  Sexual  Development. 

Embryonic  and  Postembryonic  Development.  —  While  the 
occurrences  described  (fertilization  and  cleavage  of  the  eggy  forma- 
tion of  the  germ-layers)  are  going  on  the  young  animals  arc 
usually  enclosed  within  a  firm  protective  covering,  or  even  in  the 
maternal  sexual  apparatus  (uterus),  and  are  hence  called  embryos. 
Later  stages,  even  the  formation  of  the  most  important  organs, 
may  occur  during  embryonic  life,  as  we  see  in  case  of  the 
mammals,  birds,  reptiles,  many  fishes,  worms,  and  crabs,  which, 
at  the  end  of  their  embryonic  existence,  are  complete  in  all  their 
parts,  and  need  only  the  maturity  of  the  sexual  organs,  and  growth 
of  the  body  as  a  whole,  in  order  to  reach  the  climax  of  their 
development.  On  the  other  hand,  there  are  animals,  chiefly 
aquatic,  which,  after  leaving  the  Qg^j  undergo  important  changes, 
like  the  coelenterates,  echinoderms,  insects,  amphibians,  etc.  The 
coelenterates,  echinoderms,  and  many  worms  usually  escape  from 
the  egg  even  before  the  formation  of  the  germ-layers,  and,  as  free- 
swimming  ciliated  'planulae/  form  the  germ-layers  and  organs. 
Since  there  is  here  a  more  or  less  extensive  post-embryonic  develop- 
ment, it  is  a  misnomer  to  apply  the  term  *  embryology '  to  both 
stages;  it  is  necessary,  rather,  to  limit  the  name  to  the  develop- 
mental processes  inside  the  egg,  and,  on  the  other  hand,  to  speak 
generally  of  the  history  of  the  development  of  the  individual,  or 
ontogeny.  As  the  undeveloped  animal  within  its  membrane  is 
called  an  embryo,  so  the  name  larva  is  applicable  to  the  free-living 
but  not  completely  matured  animal. 

Direct  and  Indirect  Development — Metamorphosis. — Larval 
development  may  be  either  direct  or  indirect.  In  direct  develop- 
ment, as  the  term  implies,  the  larva  pursues  the  direct  way  towards 
the  sexually  mature  animal,  the  lacking  organs  being  outlined  one 
after  another;  hence  it  is  continually  becoming  more  like  the 
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sexually  mature  animal.  In  indirect  development,  on  the  con- 
trary, organs  belonging  only  to  the  larval  life,  and  hence  called 
larval  organs,  are  formed  and  later  are  destroyed.  Therefore  in 
the  definition  of  indirect  development,  or  as  it  is  commonly  called 
metamorphoais,  special  emphasis  is  laid  upon  the  presence  of  larval 
organs.  Thus  the  caterpillars  of  butterflies  are  distinguished  not 
only  by  the  absence  of  compound  eyes  and  wings,  but  also  by  the 
presence  of  anal  feet  and  spinning-glands,  which  are  absent  in  the 
butterfly,  and  further  by  the  different  shape  of  the  jaws,  antennae, 
and  legs,  the  different  arrangement  of  the  tracheae  and  nervous 
system,  etc.  Tadpoles  are  distinguished  from  frogs  not  only  by 
the  absence  of  lungs  and  extremities,  but  also  by  the  presence  of 
gills  and  tail.  The  more  numerous  the  larval  organs,  the  more 
pronounced,  therefore,  will  be  the  metamorphosis. 

Oviparous  and  Viviparous  Animals. — The  time  at  which  the 
egg  leaves  the  mother's  body  is  independent  of  that  at  which  the 
embryo  escapes  from  the  egg  membranes.  Two  extremes  are 
known,  the  oviparous  or  egg-laying  animals,  and  the  viviparous  or 
those  which  give  birth  to  living  young.  Only  those  forms  can  be 
considered  as  strictly  oviparous  in  which  the  egg  at  the  time  of 
laying  is  a  single  cell,  in  which  case  it  is  either  not  fertilized  until 
after  extrusion,  as  in  the  case  of  most  fishes,  sea-urchins,  etc.,  or 
during  extinision,  as  in  batrachians  and  insects.  In  viviparovs 
animals,  on  the  contrary,  birth  and  the  rupture  of  the  egg  mem- 
branes occur  quite,  or  almost,  at  the  same  time,  and  from  the 
mother  there  emerges  an  animal  which  has  completed  its  develop- 
ment or,  at  least,  has  progressed  so  far  that  it  is  able  to  live  with- 
out protective  coverings. 

Ovo-viviparoiu  Animals. — Varying  degrees  of  ovo-vivipanms  develop- 
ment connect  these  two  extremes.  Wliat  here  appears  at  birth  at  first 
impresses  us,  on  account  of  its  covering,  as  being  an  egg  ;  but  the  fir.st 
stages  of  development  have  already  passed,  so  that,  by  artificial  rupture 
of  the  egg  membranes,  an  embryo  more  or  less  developed,  but  usually  not 
yet  capable  of  independent  life,  is  exposed.  Birds  really  belong  in  the 
category  of  ovo- viviparous  animals,  for  their  eggs  are  fertilized  some  time 
before  they  are  laid,  and  have  already  completed  the  formation  of  the 
blastoderm.  In  the  case  of  many  worms  the  egg-shell  may  contain,  even 
at  the  time  of  laying,  an  animal  all  ready  for  hatching. 

No  SbAxp  Line  between  Oviparous  and  Viviparous.— Transitional  formA 
of  this  kind  show  that  no  sharp  line  can  be  drawn  between  *  egg-laying ' 
and  *  bearing  living  young' and  one  must  guard  against  attributing  too 
much  importance  to  the  apparent  distinctions.  Linnaeus,  following  the 
example  of  Aristotle,  was  in  error  in  regarding  the  time  of  birth  as  of 
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systematic  importance.  In  many  divisions  of  animals  oviparous  as  well 
as  viviparous  forms  are  found.  The  majority  of  sharks  are  viviparous, 
but  a  few  species  lay  eggs ;  on  the  contrary,  for  bony  fishes  the  rule  holds 
that  the  eggs  are  laid  before  fertilization.  Exceptions  are  the  viviparous 
surf  perches,  Embiotocidae,  of  the  Pacific  coast  and  many  Cyprinodonts  of 
fresh  water.  Most  of  the  Amphibia,  reptiles,  and  insects  are  egg-layers, 
but  not  a  few  forms  are  viviparous.  Even  among  the  mammals,  for 
which  for  a  long  time  the  '  bearing  young  alive '  was  regarded  as  diag- 
nostic, it  has  been  discovered  lately  that  the  Edndna  and  Ornitho- 
rhynchtis  lay  eggs.  Finally,  exceptions  to  the  rule  occur  in  one  and  tiio 
same  8t)ecies.  Adders  commonly  lay  eggs,  but  under  unfavorable  condi- 
tions they  retain  them  inside  their  body  until  ready  to  hatch. 

SUMMARY    OF  THE   FACTS   OF   OXTOGEXY. 

1.  The  development  of  an  animal  begins  with  an  act  of  genera- 
tio7i;  spontaneous  generation  and  generation  by  parents  are  to  bo 
distinguished. 

2.  Spontaneous  generation  (generatio  SBquivoca,  or  spontanea; 
abiogenesis)  is  the  origin  of  living  beings  from  lifeless  matter 
(without  pre-existing  organisms). 

3.  The  present  existence  of  spontaneous  generation  is  neither 
shown  by  observation,  nor  is  it,  on  the  whole,  probable ;  yet  spon- 
taneous generation  is  a  logical  postulate,  in  order  to  explain  the 
first  origin  of  life  on  our  globe. 

4.  Generation  by  pai^ents  (tocogony),  derivation  of  an  animal 
from  an  animal  of  the  same  or  similar  structure,  can  take  place 
either  by  the  sexual  or  the  asexual  mode. 

5.  Asexual  generation  may  be  either  by  division  or  by  budding. 

6.  In  case  of  division  an  organism  grows  regularly  in  all  its 
parts,  and  by  constriction  falls  into  two  or  more  equivalent  new 
pieces. 

7.  According  to  the  direction  of  the  plane  of  division  in  refer- 
ence to  the  long  axis  of  the  animal  we  speak  of  longitudinal, 
transverse,  and  oblique  division. 

8.  In  case  of  budding  a  local  growtli,  occurs;  the  local  out- 
growth, the  bud,  separates  from  the  mother  as  a  smaller,  usually 
incompletely  formed,  animal. 

9.  According  to  the  position  and  number  of  the  buds  we  dis- 
tinguish lateral,  terminal,  and  multiple  budding. 

10.  Sexual  reproduction  is  reproduction  by  means  of  special 
sexual  cells,  which  do  not  take  part  in  the  ordinary  functions  of 
the  body. 

11.  In  sexual  reproduction  two  kinds  of  cells  unite,  the  female 
egg  and  the  male  spermatozoon  (fertilization). 
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12.  In  rare  cases  the  egg  develops  without  fertilization: 
parthenogenesis;  this  is  a  sexual  reproduction  with  degenerated 
fertilization. 

13.  Pcedogenesis  is  parthenogenetic  reproduction  by  a  young 
(i.e.,  incompletely  developed)  animal. 

14.  Different  modes  of  reproduction  (asexual,  sexual,  partheno- 
genesis, pasdogenesis)  may  occur  in  the  sam-e  species;  then  these 
often  occur  in  a  regular  order,  and  in  such  a  way  that  individuals 
with  different  modes  of  reproduction  alternate  with  one  another: 
alternation  of  generations  in  the  wider  sense. 

15.  Alternation  of  generations  in  the  strict  sense  (progressive 
generation,  metagenesis)  is  the  alternation  of  two  generations,  of 
which  one  reproduces  by  division  or  budding,  the  other  sexually. 
The  former  is  called  the  nurse,  the  latter  the  sexual  animal. 

16.  The  alternation  of  parthenogenesis  or  psedogenesis  with 
pronounced  sexual  reproduction  is  called  regressive  alternation  of 
generations,  or  heterogony. 

17.  Development  which  is  inaugurated  by  sexual  reproduction 
shows  in  nearly  all  multicellular  animals  a  general  agreement  in 
the  incipient  stages:  fertilization,  cleavage,  formation  of  germ- 
layers. 

18.  The  essential  point  of  fertilization  lies  in  tlie  complete 
fusion  of  egg  and  spermatozoon,  particularly  in  the  fusion  of  the 
nuclei,  egg  and  sperm  nuclei,  to  form  the  cleavage  nucleus. 

19.  The  cleavage  of  the  egg  is  a  cell  division,  a  division  of  the 
fertilized  egg  into  the  cleavage  spheres  ( blast omeres).  The  cleav- 
age may  be  total  (holoblastic  egg)  or  partial  (meroblastic  egg) ; 
total  cleavage  is  either  equal  or  unequal,  the  partial  either  discoidal 
or  superficial. 

20.  By  progressive  division  of  the  cleavage  spheres,  and  by  tho 
formation  of  a  cleavage  cavity,  there  arises  a  one-layered  embryo, 
the  blast ula  (vesicula  blastodermica). 

21.  By  the  invagination  of  the  blastula  the  gastrnla  or  two- 
layered  embryo  arises. 

22.  Tho  gastrula  contains  a  cavity,  the  primitive  digestive 
tract  or  archenteron^  opening  to  the  exterior  through  the  blasto- 
pore; it  consists  of  two  epithelial  layers,  the  entoderm  (hypoblast) 
or  the  inner  germ-layer,  lining  the  archenteron,  and  the  ectoderm 
(epiblast)  or  outer  germ-layer. 

23.  Between  tho  inner  and  the  outer  germ-layer  still  a  third, 
the  middle  germ-layer,  mesoderm,  may  be  formed. 

24.  The  middle  germ-layer  arises  either  by  an  infolding   or 
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a  cutting  off  of  a  part  of  the  eutodermal  epithelium,  epithelia 
mesoderm,  mesothelhim;  or  by  the  migration  of  separate  cells  to 
form  a  gelatinous  tissue  {mesenchyme). 

25.  Many  animals  deposit  their  eggs  before  or  shortly  after 
fertilization  {oviparous) ;  others  lay  eggs  which  have  already  been 
fertilized  in  the  maternal  body,  and  at  the  time  of  laying  have 
passed  through  some  of  the  stages  of  development  {ovo-viviparous). 
A  third  series  of  animals  give  birth  to  living  young  {vivtparous). 

26.  The  development  of  an  animal  is  either  direct  or  indirect 
(metamorphosis). 

27.  Indirect  development  or  meiamorpjiosis  is  where  the  young 
animal,  as  it  comes  from  the  egg,  differs  from  the  sexually  mature 
animal  in  two  points : 

{a)  by  the   lack  of  certain  organs  which  occur  in  the 

sexually  mature  animals; 
(b)  by  the  appearance  of  organs,  larval  organs,  which  are 

lacking  in  the  sexually  mature  animals. 

III.  EELATION  OF  ANIMALS  TO  ONE  ANOTHER. 

General  Relations. — Just  as  between  the  organs  of  one  and  the 
same  animal  there  exists  a  regular  relation  which  is  termed  corre- 
lation of  parts,  so  also  the  different  individuals  of  the  aninoial 
population  stand  in  manifold  and  intimate  reciprocal  relations  to 
one  another.  Darwin  has  shown,  in  a  great  number  of  instances, 
how  the  conditions  of  existence  of  many  animal  species  are  altered, 
if  other  forms  appear  or  disappear,  or  undergo  an  extraordinary 
reduction  or  increase  in  number  of  individuals.  Such  reciprocal 
effects  are  usually  of  a  more  special  nature  and  can  be  understood 
only  by  individual  study;  a  few  conditions  are  of  wide  occurrence 
and  are  hence  suitable  for  a  general  consideration ;  to  such  belong 
colony  and  society  formation,  parasitism,  and  symbiosis. 

L  Relations  between  Individuals  of  the  Same  Species. 
Colony  Formation. — Colony  and  society  formation  are  condi- 
tions which  exist  between  individuals  of  the  same  species.  An 
aniynal  colony  is  a  union  of  numerous  individual  animals  by  an 
organic  bodily  connexion;  the  latter  may  arise  in  two  ways:  first, 
by  animals,  originally  separate,  approaching  one  another  and 
partially  fusing  together;  secondly,  by  individuals,  formed  by 
division  and  budding,  remaining  united  with  one  another  instead 
of  separating.  The  first  is  extremely  rare,  and  in  the  animal 
kingdom  plays  no  r61e  whatever. 


Colony  Formation  by  Fusion. — Many  Protozoa  fueo  with  one 
another  and  form  larger  bodies  in  which  the  indiTidual  auimala 
can  still  be  recognized.  Among  the  multicellular  animals,  that  of 
Diplozoon  paradoxum  (fig.  109)  is  the  only  ease  known  where  two 
unimals  (Diporpa),  sprung  from  different  eggs,  normally  unite 
into  a  double  animal,  which  recalls  certain  double  monsters,  as,  for 
example,  the  Siamese  twins. 
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Colony  Formation  by  Incomplete  Dirlsion  and  Budding. — In 
general  it  can  be  said  that  the  important  instances  of  colony 
formation  rest  npon  incomplete  asexual  reproduction.  An  animal 
forms  new  individnala  by  division  or  by  budding,  but  the  process 
is  not  completed  since  the  new  generation  does  not  separate  from 
the  parent.  There  remain  connexions  of  tissue  uniting  the  buds 
with  the  mother  or  the  sisters  with  each  other.  The  colonies  of 
marine  hydroids'and  corals  (figs.  91,  206)  may  consist  of  thousands 
of  individuals  which,  by  repeated  incomplete  budding  or  division, 
have  sprung  from  a  single  sexually  produced  mother  animal. 

Commnnlty  of  Functions. — In  the  majority  of  cases  the  con- 
nexion of  the  tissues  resnlte  in  a  considerable  degree  of  community 
of  functions.  Stimuli  which  affect  one  individual  are  transmitted 
by  common  nerves  to  the  others  of  the  colony;  thus  movements  in 
common  are  rendered  possible.  In  a  similar  way  the  food  captured 
and  digested  by  one  animal  serves  for  all.  On  account  of  the 
community  of  its  functions,  a  colony  appears  like  a  unified  whole, 
lilie  an  individual  of  a  higher  order;  the  same  process  which  led  to 
the  formation  of  multicellular  organisms  is  repeated.  Just  as 
there  the  elementary  organisms,  the  ceUe,  are  united  into  a  single 
animal,  so  here  the  single  animals  are  united  into  a  colony. 

Polymorphism. — When  a  whole  is  made  up  of  numerous 
equivalent  parte,  the  conditions  for  division  of  labor  are  present. 
Instead  of  the  functions  of  the  entire  organism  being  distributed 
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eqiinlly  to  the  iudividual  parts,  many  of  the  latter  become  employed 
solely  for  tliis,  other?  again  solely  for  that  function,  and  acquire  a 
correspond  in  g  structare.  In  case  of  such  animal  colonies  one 
speaks  then  of  mnltiformity  or  polymorphism.  Polymorphism 
appears  oftenest  in  connexion  with  the  Tegetative  functions,  lead* 
ing  to  a  distinctiou  between  sexual  animals  and  nntritive  animals, 
as  in  the  case  of  most  Hydrozoa,  where  often  nutrition  is  accom- 
plished by  animals  without  sexual  organs,  and  reproduction  ie 
carried  on  by  animals  without  a  mouth.  But  other  functions, 
movement,  sensation,  offence  and  defence,  may  also  become 
specialized.  Siphonophores  are  the  classical  examples  of  poly- 
morphism (fig.  110).    Here  nnited  into  a  single  body  arc)  locomotor 
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animals,  the  awimming-bells,  serving  only  for  locomotion;  cover- 
ing scales,  whicli  serve  only  to  protect  the  others;  nutritive  polyps, 
which  alone  take  in  and  digest  food;  sexual  animals  and  tactQe 
polyps,  which  are  concerned  only  in  sexual  reproduction  and  with 
eensation.    In  regard  to  the  other  functions  each  animal  is  related 
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to  its  brothers  and  sisters;  its  very  existence  therefore  has  become 
dependent  upon  these;  the  single  individual  can  live  only  while  a 
part  of  a  whole.  Thus  also  division  of  labor  leads  to  greater 
centralization ;  the  more  polymorphic  an  animal  colony  becomes, 
the  more  unified  it  is,  the  more  it  gives  the  impression  of  being  a 
single  animal  instead  of  an  aggregation  of  single  animals. 

In  Social  Animals  the  reciprocal  dependence  of  the  individuals 
is  much  less,  since  here  there  exists  no  organic  connexion,  only  a 
voluntary  communal  life.  As  asexual  reproduction  is  of  impor- 
tance in  the  case  of  colonies,  so  here  the  sexual  plays  a  prominent 
role.  Under  the  influence  of  the  sexual  impulse,  many  animals, 
«ven  some  of  the  lowest  organisms,  flock  together,  either  per- 
manently or  periodically;  sea-urchins,  sea-cucumbers,  many  fishes, 
collect  near  the  coast  at  the  time  of  egg-laying.  The  sexual  im- 
pulse draws  together  herds  of  deer,  elephants,  etc.  The  care  of  the 
young  offspring  further  leads  to  a  closer  organization,  to  a  society. 
All  insect  societies  are  built  up  on  this  basis.  Consequently, 
since  the  sexual  life  is  the  starting-point  of  social  life,  it  is  further 
comprehensible  that,  in  the  different  groups  of  individuals  forming 
the  conmiunity,  the  sexual  organs  may  be  influenced  in  their 
development.  Besides  males  and  females  (kings  and  queens) 
there  are  still  other  animals  with  degenerated  sexual  organ? 
incapable  of  function,  the  workers;  the  latter  are  either  only 
females  (bees  and  ants)  or  females  and  males  (termites).  While 
the  kings  and  queens  give  rise  to  the  next  generation,  the  workers 
care  for  the  young,  look  after  the  hive,  provide  food  and  protec- 
tion, and  also  serve  for  defence,  if  the  latter  is  not  delegated  to  a 
special  class,  the  soldiers  (termites). 

II.    Relations  between  Individuals  of  Different  Species. 

Causes  of  Close  Relation. — Where  individuals  of  different 
species  stand  in  close  reciprocal  relations  to  each  other  the  cause 
is  to  be  found  in  the  advantages  which  the  one  species  derives  from 
the  other,  or  which  these  both  furnish  reciprocally;  the  former 
condition  is  called  parasitism,  the  latter  symbiosis. 

Parasitism. — Parasites  are  animals  which  find  their  dwelling- 
place  upon  or  in  another  animal,  the  host,  and  obtain  nourishment 
from  it.  They  have  consequently  come  into  a  dependent  condi- 
tion and  have  undergone  a  more  or  less  extensive  change  in  their 
organization. 

Tme  Parasitism. — The  fact  that  an  animal  has  settled  down  upon 
another  is  not  sufficient  to  characterize  it  as  a  parasite.     There  are  maiiv 
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sedentary  animals  which,  wlien  opportunity  ofifers,  attach  themselves  to  n 
stone,  a  plant,  or  another  animal ;  in  such  cases  tlie  term  parasitism  is  a 
misnomer,  because  it  cannot  be  called  a  dependent  condition.  If  n 
hydroid  fasten  itself  upon  the  back  of  a  crab  instead  of  on  a  stone,  it  is  the 
result  of  chance,  in  which  the  nature  of  the  hydroid  is  in  no  way  con- 
cerned. The  case  would  be  different  if  the  polyp  were  able  to  live  only 
upon  the  crab,  and  perished  if  in  any  other  place.  Such  a  dependent 
condition  usually  occurs  only  when  the  mode  of  nutrition  is  also  depend- 
ent upon  the  place  of  abode ;  when  the  host  not  only  serves  for  a  dwell- 
ing-place, but  also  furnishes  the  dweller  with  food  ;  when,  consequently^ 
the  dweller  lives  at  the  expense  of  the  host. 

Degeneration  Caused  by  Parasitism. — The  degree  to  which  a 
parasite  lias  become  dependent  upon  its  host  varies  in  the  different 
species;  it  is  determined  by  the  extent  to  which  the  parasite  has 
adapted  itself  to  the  organization  of  its  host.  Therefore  it  is 
necessary  in  speaking  of  parasitism  to  consider  the  changes  of  form 
which  the  parasitic  mode  of  life  has  caused  in  the  structure  of 
animals.  These  concern  most  immediately  the  organs  of  locomo- 
tion and  nutrition.  Since  a  parasite  needs  to  fix  itself  as  firmly  as 
possible  to  the  host,  the  locomotor  apparatus  more  or  less  com- 
pletely disappears  and  an  apparatus  for  fixation  to  the  host 
becomes  necessary;  parasites  of  different  groups  are  provided  with 
hooks,  cLispers,  sucking- discs,  etc.  The  blood,  tissue-fluids,  or 
liquid  food  of  the  host  furnishes  nourishment  to  the  parasite : 
these  are  substances  in  solution  which  scarcely  need  digestion. 
Usually,  therefore,  the  digestive  canal  is  simplified  or  quite  dis- 
appears; among  the  parasites  there  are  gutless  worms  as  well  as 
gutless  Crustacea.  The  mode  of  life  of  a  parasite  is  also  simpli- 
fied, since  it  is  no  longer  compelled  to  seek  its  food ;  in  all  parasites 
the  nervous  system  and  sense-organs  undergo  a  high  degree  of 
degeneration;  the  former  becomes  limited  usually  to  the  most 
indispensable  portion;  the  latter,  except  those  of  touch,  may 
entirely  disappear. 

Modification  of  the  Sexual  Apparatus  by  Parasitism. — The 
sexual  apparatus,  on  the  contrary,  undergoes  a  strong  develop- 
ment. While  it  becomes  easier  for  the  parasite  to  maintain  itself, 
the  existence  of  the  species  is  more  precarious.  If  a  man  die, 
then  most  of  his  parasites  die  with  him,  especially  those  which 
exist  in  the  interior  of  his  body.  In  order  that  a  parasitic  species 
may  not  become  extinct  in  a  short  time,  it  is  necessary  that  the 
eggs  be  introduced  into  a  new  host.  Since  this  transmission  is 
attended  with  difficulties,  the  parasites  must  produce  an  enormous 
number  of  eggs.     The  eggs,  too,  are  distinguished  by  great  resist  - 
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ing  power  and  well-developed  protective  organs,  such  as  strong 
shells,  etc. ;  thus  it  is  known,  for  example,  that  the  eggs  of  Ascarids 
continue  to  develop  for  some  time  in  alcohol,  being  protected  by 
their  impermeable  shell. 

Ectoparasites  and  Entoparasltes. — All  the  above-mentioned 
phenomena  are  more  conspicuous  in  the  case  of  parasites  which 
live  inside  of  other  animals,  enlopara- 
sites,  than  in  the  cane  of  the  dwellers 
upon  the  skin  or  other  superficial 
organs,  the  ectoparast/es.  In  case  of  , 
entoparasltes  the  transforming  iufln- 
encc  of  parasitism  is  so  considerable 
that  representatives  of  the  most  diverse 
animal  groups  take  on  a  remarkable 
similurity  of  appearance  and  structure. 
Pentanlovtum  fanioides  (fig.  112),  for 
example,  belongs  in  the  sinne  class  with 
the  spiders,  the  Arachnid  a,  but  in 
external  appearance  it  is  entirely  unlike 
them,  resembling  the  tape-worms  (fig. 
111).  Hence  for  a  long  time  all  ento- 
parasltes, OQ  account  of  their  simi- 
larity, were  united  into  a  single 
systematic  group  under  the  name  of 
'  Helminthes,'  comprising  members  of 
the   crustaceans,    worms,    and   spiders, 
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groups  of  the  animal  kingdom.      Only 

by  embryology  was  the  unnaturainess 

of  this   grouping   recognized.     Ento- 

parasitism  therefore  is  one  of  the  best 

examples    for    iltuatratiog    convergent 

developmenl,  i.e.,  animals  of  different 

systematic  position  acquiring,  under  similar  conditions  of  life,  a 

great  similarity  of  structure  and  appearance. 

Symbiosis. — Less  frequent  than  parasitism  is  symbions,  or  the 
association  of  animals  for  reciprocal  advantages.  Social  animals 
frequently  not  only  hold  certain  animals  in  bondage,  but  even  seek 
to  protect  and  serve  them;  as,  for  example,  in  the  company  of 
ants  are  found  certain  blind  beetles,  like  Claviger  (Myrmecophily), 
or  some  species  of  plant-lice,  or  even  ants  of  other  species  and 
genera.     But  such  cases  of  association  correspond  in  part  to  the 
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domestication  of  animals,  or  to  slavery,  ae  carried  on  by  man. 
The  anta  keep  the  plant-lice  in  order  to  lick  the  sweet  juice  which 
is  secreted  in  their  honey-tubes;  they  steal  the  pupie  of  other  ants 
and  rear  them,  to  use  them  later  as  slaves.  This  state  of  things 
rests,  consequently,  not  upon  equal  rights,  since  the  one  animal, 
in  the  present  example  the  ant,  brings  about  the  association,  while 
the  other  animal  is  passively  led  into  it. 

An   instance    of  moat  complete  equni    righls  and  true    symbJOEis  is 
fnrniahed  us,  however,  bj  a  hermit-crab  and  an  actinian  (fig.  113),  Supa- 
gurvs  pubeicerts  and  Epizoanthiu  ameri- 
canus.    Like  evtrj  specieaof  liermit-crab 
this  also  iiibabita  a  snail  ahell  from  tbe 
opening  of  which  only  his  legs  and  pin- 
cers are  protruded.     Upon  tliia  sliell  an 
Mpizoanihia  becomes  altaclied  and  by 
budding  soon  covers  it  with  a  colony  of 
F,cii3.-A  001007  of  E»to«™<i>u,      I^'^P*      "  After  thus  covering  the  shell 
ameHcuntu  on  the  Hhell  occn-       it  is  not  only  capable  of  extending  the 
^'Srtt'  ■■""'"»'■    <"»"      .pert™  by  IB  own  growth,  but  b..  Ibo 
power  of  entirely  dissolving  and  absorb- 
ing tlio  Eubetance  of  the  shell  so  that  no  trace  of  it  can  be  found,  though 
the  form  is  perfectly  preserved  by  the  somewhat  ritcid  membrane  of  the 
polyp."    The  advantage  wiiich  the  actinian  derives  from  this  aymbiosis  i» 
clear :  it  gains  a  share  of  the  food  wliicb   the  crab  obtains.     It  is  lesf 
dear  what  tbe  cribgaiusby  the  association  ;  however,  the  polyp  is  perhaps 
a  protection  to  him,  by  means  of  its  bntteries  of  nettle  cells,  while  by 
growth  it  increases  the  size  of  tbe  '  house'  occupied  by  the  hermit  and 
thus  saves  him  periodic  changes  of  abode. 

OccniTHiu  of  SymbiMls.— That  animals  in  general  rarely  live  sym- 
biotically  with  one  anotlier  rests  mainly  upon  tbe  fact  that  the  conditions 
of  life  of  all  animals  to  a  certnin  point  are  similar  or  identical.  They  all 
take  in  compounds  rich  in  carbon  and  nitrogen,  decompose  them,  and,  in 
the  presence  of  oxygen,  separate  them  into  carbon  dioxide,  water,  and 
oxidntion  products  containing  nitrogen.  All  animals  consequently  are 
competitors  in  the  struggle  for  food.  For  the  same  reason,  conversely, 
symbiosis  between  plants  and  animals  is  not  at  all  uncommon.  In 
particular  there  are  certain  lower  algie,  the  Zooxantbellffi,  which  often 
live  in  animals.  The  radiolarians  contain  with  such  constancy  in  their 
soft  bodies  green- or  yellow -colored  cells  that  for  a  longtime  these  were 
regarded  as  constituent  parts  of  the  animal.  Quite  similar  yellow  and 
green  cells  inhabit  the  stomach  epithelium  of  many  actinians,  corals,  and 
even  of  many  worms.  The  Zooxanlhellte  are  nourished  by  the  carbon 
dioxide  wbich  is  formed  by  the  animal  tissues,  and  breathe  out  oxygen, 
which  in  turn  serves  as  food  for  the  animal ;  further,  they  form  starch 
and  otber  en rbohyd rates,  and  there  is  nothing  to  prevent  any  surplus  thus 
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formed  from  becoming  food  material  for  the  animal.  Thus  there  is  on  a 
small  scale  that  cycle  of  matter  which  exists  on  a  grand  scale  in  Nature 
between  the  animal  and  vegetable  kingdoms.  By  aid  of  chlorophyl  and 
of  the  chemical  influence  of  sunlight  the  plants  decompose  water  and 
carbon  dioxide  and  form  from  them  oxygen,  which  they  breathe  out,  and 
compounds  rich  in  carbon,  which  they  store  up  in  their  tissues :  they 
are  reducing  organisms.  On  the  contrary,  animals  give  off  carbon 
dioxide  and  water,  but  take  their  oxygen  from  the  air,  and  carbon  com- 
pounds in  their  food ;  they  use  oxygen  to  break  down  the  chemical 
combinations,  to  oxidize :  they  are  oxidizing  organisms.  This  explains 
why  the  favorable  influence  of  plants  upon  animals  ceases  immediately 
wben  they  change  the  character  of  their  metabolism.  With  the  disap- 
pearance of  their  chlorophyl  moulds  and  bacteria  lose  the  power  of  reduc- 
ing carbon  dioxide ;  they  derive  their  food  from  other  organisms  and 
decompose  this  into  carbon  dioxide,  water,  etc. ;  like  animals,  they  are 
oxidizing  organisms,  and  consequently  dangerous  competitors.  When 
they  establish  themselves  upon  the  animal  body,  they  almost  always  work 
injury  to  it ;  hence  in  animals  they  are  the  cause  of  many  extremely  dan- 
gerous ailments. 


IV.  ANIMAL  AND   PLANT. 

Distinction  between  Animal  and  Plant. — The  consideration  of 
symbiosis  has  led  us  up  to  the  fact  that  a  distinction  exists  between 
plants  and  animals  in  the  mode  of  metabolism,  which  may  be 
expressed  thus:  plants  usually  take  in  carbon  dioxide  and  give  off 
oxygen,  while  animals  breathe  in  oxygen  and  give  out  carbon 
dioxide.  Hence  it  might  be  concluded  that  it  is  easy  to  discover 
differences  which  generally  obtain  between  plants  and  animals, 
for,  as  a  matter  of  fact,  the  laity  are  never  in  doubt  in  deciding  to 
which  realm  of  nature  the  more  highly  organized  animals  and 
plants,  which  are  the  only  ones  known  to  them,  belong. 

Doubtful  Cases. — But  the  more  one  studies  this  question^  the 
more  difficult  becomes  its  solution.  The  old  zoologists  indeed 
formed  the  conception  that  there  are  organisms  which  stand  on  the 
limits  between  the  animal  kingdom  and  the  vegetable,  and  Wotton 
named  these  directly  zoophytes  or  plant-animals.  Now  we  know 
that  Wotton's  plant-animals  are  true  animals  with  but  a  superficial 
similarity  to  plants;  but,  by  means  of  the  microscope,  we  have 
become  acquainted  with  numerous  lower  organisms,  and  it  is  still 
doubtful  in  which  of  the  two  realms  of  nature  these  belong.  As 
such  may  be  mentioned  the  Myxomycetes  and  many  Flagellata. 
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Physiological  Distinctdons. — If  one  vish  to  discover  sharp 
distinctions  between  animals  and  plants,  lie  may  take  into  con- 
sideration on  the  one  side  physiological,  on 
the  other  morphological,  characters.     Start- 
ing from  the  physiological  point  of  view, 
Linuffius  ascribed  to  plants  only  the  capacity 
of  reproduction  and  nutrition,  bnt  to  animals 
the  power  of  motion  and  sensation  in  addi- 
tion.    However,    we  know  that   vegetable, 
like  animal,  protoplasm   ie  irritable  and  is 
capable  of  movement,  an  is  shown   by  the 
active  movements  of   the  lower  Algee,   the 
great  sensitiveness  of  the  Mimosa,  and  other 
Fio.  lu.—  hfpai  atuitu     plants ;  but  further,  we  know  that  even  manv 
/era,    <Af(«r  Schinar-         ,,,  i_-i.i  -ji         -i 

da.)  r.  carinn:  t,  Mir-     of  the  more  highly  orgauizeo  animals,  e.g., 

Crustacea  (fig.  114),  lose  the  power  of  loco- 
motion and  become  fixed,  and  many  fixed  foritiH,  e.g.,  the  sponges 
(fig.  84),  even  under  the  closest  examination  appear  immovable 
and  unaffected  by  stimulation ;  thus  we  are  led  to  abandon  the 
idea  that  the  so-called  animal  functions  are  to  be  regarded  as 
accurate  distinctions. 

Metabolism  not  a  Safe  Criterion. — Even  the  difference  in  met- 
abolism is  by  no  means  sufficient.  Every  plant  has  a  double 
exchange  of  material.  In  its  movements  and  other  vital  functions 
the  vegetable  protoplasm  produces  carbon  dioxide  and  consumes 
oxygen;  at  the  same  time  there  goes  on,  under  the  intlnence  of 
sunlight  and  of  chlorophyl,  the  reduction  of  carbon  dioxide  and 
the  giving  off  of  oxygen.  In  chlorophyl -containing  plants  the 
reducing  process  preponderates  so  considerably  during  the  day 
that  there  is  evident,  as  the  final  result,  the  giving  off  of  a  greater 
quantity  of  oxygen,  and  only  at  night,  when  the  reducing  process 
becomes  interrupted  on  account  of  the  lack  of  sunlight,  does  the 
production  of  carbonic-acid  compounds  become  perceptible.  But 
the  reducing  processes  become  immediately  preponderant  if  the 
chlorophyl  be  absent;  chlorophylless  moulds  and  bacteria  have, 
therefore,  the  same  metabolism,  so  far  as  carbon  dioxide  ia  con- 
cerned, as  animals. 

Cellnlose  not  a  Sure  Test. — So  also  it  is  incorrect  to  say  that 
only  plants  have  the  power  to  make  cellulose,  for  cellulose  is  found 
in  many  lower  animals,  the  rhizopods,  and  In  the  highly  organized 
group  of  tunicates;  according  to  recent  investigations  it  appears 
to  be  found  even  among  the  arthropods. 
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Uorphologlcal  Dlstiactions. — Turning  to  the  morphological 
characteristics,  mtilticelliilar  animale  aud  mnlticellular  plauts  aro 
readily  distinguished,  siuce  the  former  iu  the  germ-layers  have  a 
principle  of  cell  arrangement  pecnliar  to  them.  With  the  appear- 
ance of  the  gastnila  each  organism  is  undoubtedly  an  animal. 
But  in  unicellular  animals  the  arrangement  of  the  cells  is  lacking, 
and  only  the  constitution  of  the  single  cell  guides  us.  Kov  are 
there  unmistakable  morphological  differences  between  the  animal 
and  the  vegetable  cell  ? 

Plant-cells  have  a  Celluloae  Membrane — In  the  structure  of 
plant  and  animal  cells  an  important  distinction  is  found  iu  the 
fact  that  the  former  has  a  cellulose  membrane,  but  the  latter  is 
usually  jnembraneless.  To  this  distinction  must  be  referred  in  the 
last  analysis  the  widely  different  appearance  of  the  two  realms. 
Since  the  plant-cell  is  early  surrounded  with  a  firm  coat,  it  loses  a 
large  part  of  its  power  of  further  changing  its  form;  hence  vege- 
table tissues  and  organs  are  uniform  in  comparison  with  the  incon- 
ceivable multiformity  which  animal  histology  and  organology 
disclose.  The  numerous  higher  stages  of  organization  which  the 
animal  kingdom  reaches,  even  in  its  lower  classes,  is  in  great  part, 
indeed,  the  result  of  the  fact  that  the  cells  of  animals  do  not 
become  encapsuled,  but  have  preserved  the  capacity  for  more 
varied  and  higher  development. 

Transitions. — But  even  here  transitions  aro  found  between  the 
lower    plants  and    animals.      In    the    lower 
Algie  the  cells  have  power  to  emerge  from  p 

their  cellulose  membrane,  and  to  swim 
about  freely  (fig.  115),  before  they  encapsulc 
themselves  anew.  On  the  other  hand,  most 
unicellular  animals  encyst;  they  pause  in 
their  ordinary  functions  of  life,  become 
spherical,  and  surround  themselves  with  a 
firm  membrane,  in  some  cases  even  of  cel- 
lulose. Since  iu  both  cases  an  alternation 
between  the  encapsuled  and  the  free-living 
condition  occurs,  only  the  longer  duration 
of  the  one  or  of  the  other  can  lead  to  a  pm  iia-(Ed,«oniuni  in 
distinction.  But  here  occurs  the  possibility  ^h*?'T»  piMe"^f 
that  undifferentiated  intermediate  forma  ex-  Jitif  e'^^pinVceii.^ 
ist;  their  actual  existence  prevents,  even  yet,  termed  from^Sie^MMi* 
:i  sharp  distinction  between  the  animal  and  tenu;  c.  zoospore  oieu 
vegetable  kingdoms. 
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V.  GEOGEAPHICAL  DISTRIBUTION  OF  ANIMALS. 

The  Different  Faunal  Regions. — Even  a  superficial  knowledge 
of  the  mode  of  distribution  of  animals  shows  that  the  animal  fauna 
in  different  regions  of  the  earth  has  an  essentially  different  char- 
acter. In  part  this  difference  of  fauna  is  the  immediate  result  of 
climatic  differences.  The  polar  bear,  arctic  fox,  eider-ducks,  and 
many  aquatic  birds  are  restricted  to  the  polar  zones,  because  they 
cannot  endure  more  than  a  certain  degree  of  warmth;  on  the  other 
hand,  the  larger  species  of  cats,  the  apes,  the  humming-birds,  etc., 
occur  only  in  tropical  or  sub-tropical  regions,  because  they  are  not 
sufficiently  protected  against  cooler  weather. 

Climate  not  the  Only  Factor* — If  climate  were  the  sole  factor 
determining  distribution,  the  faunal  character  of  two  lands  which 
haye  similar  climatic  conditions  would  be  essentially  the  same; 
conversely,  the  separate  regions  within  a  continuous  territory 
extending  through  several  climatic  zones  must  have  quite  different 
faunas,  according  as  they  are  nearer  the  equator  or  the  poles.  But 
such  is  not  the  fact;  two  tropical  countries  may  differ  more  widely 
in  the  characteristics  of  their  fauna  than  the  hot  and  cold  regions 
of  one  and  the  same  country. 

Factors  in  Distribution. — Modern  zoology  endeavors  to  explain 
these  peculiar  conditions  by  regarding  the  present  distribution  of 
animals  as  the  product  of  two  factors:  the  gradual  changes  of  the 
animal  world,  and  further  the  gradual  changes  of  the  earth's  sur- 
face on  which  the  animals  are  distributed.  The  history  of  the 
earth  as  disclosed  by  geology  shows  two  facts:  (1)  that  the  con- 
nexions between  parts  of  the  earth  have  varied  greatly;  that,  for 
example,  at  a  time  when  the  Mediterranean  had  not  yet  reached 
its  present  extent,  Morocco,  Algiers,  Tunis,  and  Egypt  were  more 
closely  united  with  the  European  coast  of  the  Mediterranean  than 
with  the  southern  part  of  the  African  continent  separated  from 
them  by  the  Sahara;  (2)  that  considerable  variations  of  climate 
have  taken  place:  there  prevailed  in  Europe  in  the  tertiary  period 
a  subtropical  climate  which  rendered  possible  the  existence  of 
animals  which  now  occur  in  Alg'^ria  (lions).  But  later  a  glacial 
period  began,  which  introduced  over  a  wide  area  of  the  European 
continent  the  conditions  of  arctic  life,  and  consequently  a  fauna 
of  northern  animals  (reindeer).  Hand  in  hand  with  the  geological 
changes  went  changes  in  the  animal  world,  the  then  existing 
species  dying  out  under  the  change  of  conditions,  or  forming  new 
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species  through  gradual  variations.  Thus  the  distribution  of 
animals  constitutes  an  extremely  complicated  problem,  the  solu- 
tion of  which  necessitates  comprehensive  preliminary  work.  It 
must  be  known  with  certainty  how  the  connexions  between  the 
continents  and  the  climates  have  changed,  particularly  in  the 
later  geological  periods;  further,  we  must  study,  not  only  how 
animals  are  distributed  over  the  earth^s  surface  at  the  present  time, 
but  also  how  they  were  distributed  in  earlier  times.  Finally,  by 
means  of  comparative  anatomy  and  embryology  we  must  have  clear 
and  detailed  ideas  of  the  relationships  and  interrelationships  of 
animals. 

It  will  be  an  extremely  long  task  to  solve  all  the  problems  of 
the  subject  here  sketched  in  outline.  What  has  been  investigated 
thus  far  can  only  be  regarded  as  a  preliminary  proof  that  zoology 
with  its  prevailing  views  of  the  changes  of  animals  and  of  the  earth 
is  on  the  right  track.  It  would  be  a  test  of  the  correctness  of  this 
view  if  it  were  proved  that  the  faunal  resemblances  of  two  countries 
depends,  in  the  first  place,  upon  how  long  they  have  been  in  close 
connexion  with  each  other,  consequently  allowing  an  interchange 
of  the  animals  inhabiting  them.  Two  regions,  separated  early  in 
the  earth's  history  and  never  again  connected,  must  have  greater 
differences  in  faunal  characters  than  two  lands  still  connected  or 
only  recently  separated.  It  is  instructive  when  we  travel  in  the 
northern  hemisphere  and  find  in  widely  separated  regions  strik- 
ingly similar  faunae,  while  under  the  equator  or  in  the  southern 
hemisphere  under  the  same  conditions  striking  differences  are  seen. 
This  is  explained  on  the  hypothesis  that  in  all  ptist  periods  as  now 
the  land  masses  of  the  northern  hemisphere  have  been  closely  con- 
nected, while  the  parts  of  the  continents  extending  to  the  south — 
aside  from  hypothetical  temporary  connexions  between  South 
America,  Africa,  and  Australia — have  been  separated  through 
most  of  the  earth's  history. 

In  carrying  out  more  closely  the  points  of  view  mentioned, 
students  of  distribution  have  attempted  to  mark  off  the  great 
faunal  areas  of  the  earth,  the  faunal  provinces  or  regions,  and 
within  these  again  less  important  divisions,  subregions.  These 
provinces  have  been  based  chiefly  upon  the  distribution  of 
mammals,  less  upon  that  of  birds  and  other  animals;  for  the  dis- 
tribution of  mammals  is  chiefly  determined  by  those  changes  of 
the  earth's  surface  which  are  best  known  geologically  and  possess 
most  interest.  Elevation  or  depression  of  the  earth's  surface  often 
opposes  impassable  barriers  to  most  mammals:  rising,  if  it  lead  to 
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the  formation  of  glaciered  mountain-chains;  sinking,  when  arms 
of  the  sea  are  formed,  which,  even  if  only  narrow,  interpose 
between  two  hitherto  connected  land  areas  straits  which  are 
impassable  for  most  mammals.  Birds  and  insects  which  fly  well 
are  less  affected  by  all  such  changes  of  the  earth^s  surface;  the 
majority  of  them  can  fly  over  arms  of  the  sea  and  mountain-chains, 
for  there  are  birds  which  can  even  cross  the  Atlantic  Ocean. 

The  Six  Primary  Regions. — Of  the  systems  of  animal  geography 
proposed  up  to  the  present  time,  the  divisions  advocated  by 
Sclater  and  Wallace  flnds  most  favor.  These  English  scholars 
distinguish  the  six  following  primary  regions:  (1)  the  palcBarcticy 
comprising  all  Europe,  northern  Africa  as  far  as  the  Sahara,  and 
northern  Asia  as  far  as  the  Himalayas;  (2)  the  Ethiopian^  all  of 
Africa  south  of  the  Sahara;  (3)  the  oriental,  including  upper  and 
farther  India,  southern  China,  and  the  western  Malay  Islands; 
(4)  and  (5)  the  nearctic  and  the  neotropical  regions,  which  make 
up  the  American  continent  and  are  divided  by  a  line  drawn  at 
about  the  northern  border  of  Mexico;  (6)  the  Australian,  in 
which,  besides  Australia  itself,  are  included  the  larger  and  smaller 
islands  of  the  Pacific  Ocean  and  the  eastern  Malay  Islands,  east  of 
Celebes  and  Lombok. 

(1)  The  Australian  region  is  most  sharply  distinguished  from 
all  the  others  and  by  many  is  set  apart  as  a  distinct  division  called 
*!N"otog89a/  Its  isolated  geographical  position  together  with  the 
fact  that  it  has  long  been  separated  from  other  countries 
(apparently  since  the  beginning  of  the  tertiary)  explains  the  fact 
that  only  the  oldest  mammals,  the  monotremes  and  marsupials, 
have  entered  the  region,  while  the  placental  mammals  have  not 
been  able  to  follow.  While  the  marsupials,  which  in  the  secondary 
period  also  inhabited  the  northern  hemisphere,  were  replaced  there 
in  tertiary  times  by  the  placentaJs,  they  were  able  to  develop 
farther  in  the  Australian  region.  Australia  and  the  adjacent 
islands  are  thus  the  land  of  marsupials,  which  have  persisted  else- 
where only  in  South  America  {Conolesfes,  Didelphidas),  the 
opossum  ranging  north  into  the  United  States.  On  the  other 
hand,  at  the  time  of  discovery  Australia  lacked  all  placental 
mammals  except  those  (whales,  dugong,  seals,  bats)  which  were 
not  restricted  by  water  and  the  MuridsB,  easily  transported  on 
floating  wood.  Two  larger  mammals,  the  wild  dog  or  dingo 
{Cants  diyigo)  and  the  pig  of  New  Guinea  (Stis  papuanus),  may 
have  accompanied  man,  this  bein^  the  most  probable  for  the  dingo 
in  spite  of  the  fact  that  his  remains  occur  in  the  pleistocene  along 
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with  those  of  the  giant  marsupials.  Further  pecaUarities  of  the 
Australian  region  are  the  birds-of-paradise  in  New  Guinea,  the 
egg-laying  mammals  Ornithorhynchus,  Echidna,  and  Proechidna, 
and  the  cassowaries  and  the  Australian  ostrich  {Drommua  novcB- 
hollandicB), 

It  is  easily  understood  that  the  isolated  island  groups  of  the 
South  Sea  (Polynesia)  have  developed  many  faunistic  peculiarities^ 
as  well  as  that  an  exchange  of  forms  may  have  taken  place  between 
the  islands  of  the  oriental  province  and  the  islands  faunally  related 
to  Australia^  and  that '  Wallace's  Line '  is  not  so  sharp  a  boundary 
as  it  was  once  thought  to  be  (extension  of  marsupials  into  Celebes, 
of  placentals  into  the  Moluccas).  On  the  other  hand  the  distinct- 
ness of  New  Zealand  needs  mention.  It  is  distinguished  from 
Australia  by  a  large  number  of  peculiar  birds  {Apteryx  and  the 
extinct  DinornithidsB),  reptiles  (the  ancient  Sphenodon),  and 
molluscs.  If  the  bats  and  mice — unimportant  in  matters  of  dis- 
tribution— ^be  excepted,  New  Zealand  lacks  all  native  mammals, 
even  marsupials. 

(2)  The  neotropical  province  (South  and  Central  America)  is, 
next  to  Australia,  the  most  sharply  characterized,  and,  like  that 
region,  has  been  set  aside  as  a  special  division  *  Neogasa,' especially 
when  considered  with  reference  to  its  geological  history,  which 
shows  that  during  the  cretaceous  and  early  tertiary  time  it  was 
separated  from  North  America  by  the  sea  and  had  developed  a 
peculiar  fauna  (e.g.,  gigantic  edentates,  no  carnivores).  These 
peculiarities  disappeared  towards  the  end  of  the  tertiary  by  the 
entrance  of  carnivores  and  ungulates  from  the  north  and  an 
extension  of  the  edentates  to  the  northern  hemisphere.  To  the 
Neogaea  belong  the  platyrhine  apes,  the  catarrhine  to  the  Old 
World.  Characteristic  edentates  are  the  armadillos,  sloths,  and 
ant-eaters;  the  marsupials  are  represented  by  the  opossums  and 
Ccenolestes;  among  birds  the  humming-birds,  toucans,  the  peculiar 
Cotingidse,  Tanagridae,  Tinamous,  PalamedidaB,  Bhea,  etc.  The 
almost  entire  absence  of  insectivores  and  the  considerable  develop- 
ment of  rodents  (cavies,  agoutis,  chinchillas)  are  noteworthy. 

The  four  remaining  provinces  are  still  closely  connected 
geographically  and  form  a  third  great  division,  '  ArctogaBa,'  charac- 
terized by  the  entire  absence  of  platyrhine  apes,  monotremes,  and, 
except  the  North  American  opossum,  of  marsupials.  In  the 
secondary  and  tertiary  times  the  northern  parts  of  these  lands  were 
connected  and  an  interchange  of  faunas  occurred,  this  being  the 
easier  on  account  of  the  extension  of  the  warm  climate  to  the  far 
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north.     Hence  many  unite  the  palsearctic  and  nearctic  provinces 
into  a  '  holarctie '  province. 

(3)  The  nearctic  region  has  peculiar  to  it  three  mammalian 
families,  the  prong-horned  antelope,  the  opossums,  and  the 
Haplodontae;  of  the  group  of  Amphibia,  the  Sirenidas  and  Amphi- 
umidffi.  The  Nearctic  is  to  be  distinguished  from  the  nearest 
related  palsearctic  region  througli  the  crowding  in  of  Deotropical 
forms  like  the  raccoon,  opossum,  humming-birds,  etc. 

(4)  The  palsearctic  region  covers  the  greatest  area  and  conse- 
quently abuts  upon  many  other  provinces.  Hence  there  exist  on 
the  one  side  important  differences  between  the  various  local 
faunas,  which  are  conditioned  by  climate  and  great  distances,  but 
on  the  other  it  explains  the  fact  that  the  palsearctjc  region  has  no 
peculiar  families.  The  families  which  here  have  reached  a  great 
development  are  the  deer,  cattle,  sheep,  and  camels;  especially 
conspicuous  genera  are  the  chamois,  squirrel,  badger,  and  marmot. 

(5)  The  Ethiopian  region  has  many  animals  found  only  there; 
among  these  the  hippopotamus  and  giraffe,  the  aardvark,  and,  if 
we  include  Madagascar,  the  lemurs  are  most  characteristic.  To 
these  are  added  a  rich  development  of  antelopes  and  zebras  and 
the  gorilla  and  chimpanzee.  Equally  noteworthy  is  the  entire 
absence  of  striking  families  and  genera,  such  as  the  bears,  moles, 
deer,  goats,  tapirs,  sheep,  the  true  cattle  and  swine,  provided  they 
have  not  been  domesticated  and  introduced. 

Within  the  region  the  island  of  Madagascar  occupies  a  remark- 
able position.  This  island  is  the  land  of  lemurs  and  Insectivora; 
no  land  is  so  rich  in  lemurs,  as  the  majority  of  the  genera  live 
exclusively  in  Madagascar.  On  the  other  hand  the  large  beasts 
of  prey,  the  cats,  hyenas,  dogs,  and  the  bears  (which,  however,  do 
occur  in  Africa),  all  the  true  apes,  antelopes,  elephants,  and  the 
various  species  of  rhinoceros  are  absent.  Consequently,  since 
Madagascar  is  distinguished  quite  conspicuously  from  Africa,  many 
zoologists  separate  the  island  from  the  Ethiopian  region ;  many 
even  give  it  the  rank  of  an  independent  province. 

(6)  The  oriental  region  contains,  next  to  Madagascar,  the  most 
lemurs;  among  which  the  TarsidsB  and  GaleopithecidsB  (the  latter 
often  considered  an  ineectivore)  are  exclusively  oriental.  Remark- 
able inhabitants  of  the  province  are  the  gibbons  and  orang-utans, 
the  musk-deer,  numerous  families  and  genera  of  birds. 

Arctic  and  Antarctic  Provinces. — Of  late  the  view  has  gained 
ground  that,  besides  these  six,  two  other,  circumpolar,  provinces 
must  be  distinguished,  the  arctic  and  the  antarctic.     Both  have  a 
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fauna  consisting  of  few  species  but  numerous  individuals,  of  which 
the  auks,  polar  bear,  reindeer,  and  arctic  foxes  are  characteristic  of 
the  northern  or  arctic  region,  the  penguins  and  the  entire  absence 
of  land  mammals  of  the  antarctic. 

The  Distribution  of  Aquatic  Animals. — Since  most  seas  are 
connected,  the  faunal  regions  cannot  be  distinguished  so  sharply 
as  in  the  case  of  the  land  faunas;  conspicuous  differences  are 
present  only  when  two  oceans  are  separated  by  continents  extend- 
ing far  to  the  north  and  south;  such,  for  example,  exist  between 
the  Red  Sea  and  the  geographically  neighboring  Mediterranean, 
between  the  east  and  west  coasts  of  North  America,  even  where 
they  are  separated  only  by  the  narrow  isthmus  of  Panama.  Then, 
too,  considerable  differences  may  exist  where  currents  of  greatly 
different  temperatures  meet. 

Changes  in  the  Fauna  Conditioned  by  Depth.— Much  more 
remarkable  in  the  marine  fauna  are  certain  differences  brought 
about  by  the  changes  of  the  conditions  of  life  in  the  different 
depths  of  the  sea.  A  deep-sea  fauna,  a  coast  fauna,  and  a  pelagic 
fauna  can  be  distinguished.  The  coast  fauna  embraces  the 
animals,  some  free,  some  fixed,  which  inhabit  the  plant-covered 
rocky  or  sandy  shore  to  a  depth  of  a  few  hundred  feet.  The 
deep-sea  fauna  swims,  creeps,  or  is  fixed  at  the  bottom  of  the 
ocean  at  depths  of  1000  to  almost  9000  meters;  it  is  distinguished 
from  the  coast  fauna  in  part  by  its  archaic  character,  for  here  very 
often  genera  and  entire  groups  of  animals  exist,  like  the  Hexac- 
tinellidae,  crinoids,  certain  starfishes  and  sea-urchins,  etc.,  which 
for  a  long  time  were  chiefly  known  through  fossils  from  earlier 
geological  ages. 

The  Plankton. — The  pelagic  animal  world  comprises  all  forms 
which  swim  freely  in  the  water,  the  'plankton*;  here  belong  many 
coelenterates,  medusae,  and  ctenophores,  entire  groups  of  Protozoa, 
like  the  radiolarians,  many  Crustacea  and  crustacean  larvse;  of  the 
molluscs  the  heteropods  and  pteropods.  .These  animals  live  either 
at  the  surface  of  the  sea  itself  or  floating  at  greater  or  lesser 
depths,  to  8000  meters  or  even  more.  Usually  they  are  gelatinous 
and  of  glasslike  transparency;  this  must  be  regarded  as  sympa- 
thetic coloring  and  adaptation  to  the  transparency  of  the  water. 

Distribution  of  Fresh-water  Animals.— In  fresh  water  two 
groups  of  animals  must  be  distinguished,  of  which  the  one  com- 
prises mainly  the  more  highly  organized  forms,  the  molluscs, 
fishes,  and  Crustacea,  the  other  the  lower  animal  world.  The 
distribution  of  the  former  is  mainly  determined  by  the  same  factors 
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which  influence  terrestrial  forms;  the  distribution  of  the  latter, 
however,  is  cosmopolitan.  The  same  infusorians  and  rhizopods, 
copepods,  fresh-water  sponges  and  polyps  which  occur  in  America 
seem  to  be  distributed  over  the  entire  earth.  This  is  <;onnected 
with  the  fact  that  all  these  animals  have  resting  stages  in  which 
they  endure  desiccation.  The  resting  stage,  be  it  as  a  hard-shelled 
egg  or  as  an  encysted  animal,  may  be  borne  about  by  the  wind,  or 
may  be  carried  with  the  mud  by  aquatic  birds,  and  upon  again 
reaching  the  water  resume  its  active  state. 

VI.  DISTRIBUTION   OP  ANIMALS   IN   TIME.     ^ 

It  is  the  province  of  a  special  science,  paleontology  or  paleo- 
zoology,  to  treat  of  the  character  and  distribution  of  animals  in 
the  earlier  periods  of  the  earth's  history,  but  since  it  is  necessary 
to  draw  upon  paleontological  facts  to  understand  the  living  forms 
an  outline  of  the  geological  periods  with  the  characteristic  animals 
may  be  given  here. 

I.  Azoic  OR  Arohean  Era. 

No  organisms  are  certainly  known  from  this  age.  The  animal 
nature  of  Eozoon  canadense  of  the  Laurentian  beds,  once  referred 
to  the  Foraminifera,  is  more  than  doubtful. 

II.  Palaeozoic  Era. 

1.  Cambrian.  4.  Carboniferous. 

2.  Silurian.  5.  Permian. 

3.  Devonian. 

The  oldest  paleozoic  period,  the  Cambrian,  contains  only 
invertebrate  fossils:  trilobites,  gigantostraca,  cystoids,  nautiloids, 
gasteropods,  and  a  few  lamellibranchs.  Trilobites,  cystoids, 
gigantostraca,  and  the  blastoids  and  tetracoralla,  which  appear  in 
the  Silurian,  reach  their  culmination  and  become  extinct  in  the 
paleozoic.  Fishes  appear  in  the  Silurian,  and  acquire  a  great 
development  in  the  Devonian.  The  earliest  Amphibia  come  from 
the  carboniferous,  the  reptiles  appear  in  the  Permian. 

III.  Mesozoic  Era. 

1.  Triassic.  2.  Jurassic.  3.  Cretaceous. 

The  mesozoic  era  was  the  age  of  reptiles,  which  were  repre- 
sented by  numerous  forms,  some  of  gigantic  size;  most  of  them 
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becoming  extinct  in  the  cretaceous.  The  first  mammals  appear  in 
the  triassicy  the  birds  in  the  Jurassic.  Among  the  invertebrates 
the  ammonites,  which  appeared  in  the  Deyonian,  reached  their 
greatest  development  and  became  extinct  in  this  era. 

IV.  Cenozoic  Era. 

(a)  Tertiary. 

1.  Eocene.  3.  Miocene. 

2.  Oligocene.  4.  Pliocene. 

(ft)  Quaternary. 

5.  Pleistocene.  0.  Recent. 

In  the  tertiary  all  of  the  now  living  orders  of  mammals  and 
birds  appeared,  among  them  man,  whose  remains  have  been  traced 
with  certainty  to  the  pleistocene. 


SPECIAL  ZOOLOGY. 

Since  comparative  anatomy  and  the  theory  of  evohition  have 
made  their  impression  upon  systematic  zoology  one  recognizes  in 
classification  not  only  a  means  of  arranging  the  species,  bat  also 
the  possibility  of  expressing  the  relations  which  the  larger  and 
smaller  groups  bear  to  each  other.  The  solution  of  these  prob- 
lems demands  an  accurate  knowledge  of  comparative  anatomy  and 
embryology  and  a  complete  knowledge  of  animal  forms  based  upon 
them.  We  are  yet  far  from  such  a  knowledge,  farther  with  regard 
to  some  groups  than  others,  and  as  a  consequence  systematic  prob- 
lems are  not  all  equally  advanced  towards  solution. 

In  general  it  may  be  said  that  certain  natural  groups  are 
recognized:  (1)  Chordata;  (2)  Mollusca  (after  the  elimination 
of  the  Brachiopoda) ;  (3)  Arthropoda;  (4)  Echinodenna;  (5) 
Codenterata  (after  the  separation  of  sponges) ;  (6)  Protozoa.  On  the 
other  hand,  it  is  yet  uncertain  exactly  how  to  regard  the  worms, 
brachiopods,  polyzoa,  and  a  few  other  forms.  The  general  ten- 
dency is  to  distribute  the  worms  into  at  least  three  branches  (flat 
worms,  round  wonns,  and  annelids)  and  to  unite  the  Polyzoa  and 
Brachiopoda  in  a  branch  of  Molluscoida.  In  this  way  groups  poor 
in  species  and  of  little  importance  in  a  general  account  of  the  ani- 
mal kingdom  are  placed  on  the  same  basis  as  the  large  and  exceed- 
ingly important  groups  of  vertebrates,  arthropods,  and  molluscs, 
and  thus  obtain,  especially  in  tlie  eyes  of  the  beginner,  an  impor- 
tance which  does  not  belong  to  them.  It  therefore  seems  better  in 
an  elementary  work  to  pursue  a  more  conservative  course. 
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PHYLUM   I— PROTOZOA. 

All  of  the  Protozoa  are  small ;  some  may  be  seen  by  a  sharp  eye 
as  minute  points,  but  the  majority  are  so  minute  that  they  are 
inyisible  except  with  a  microscope.  On  the  other  hand,  there  are 
a  few  which  have  a  diameter  to  be  measured  by  millimeters,  this 
being  especially  the  case  where  hundreds  of  individuals  are  united 
in  colonies. 

This  small  size  is  a  necessary  result  of  the  fact  that  the  Protozoa 
are  single-celled  animals.  Like  all  cells  they  consist  of  that  pe- 
culiar substance^  protoplasm,  and  they  have  the  further  cell  attri- 
bute, the  possession  of  one  or  more  nuclei.  Being  unicellular,  it 
follows  that  they  lack  true  tissues  and  true  organs.  They  lack 
alimentary  canal,  nervous  system,  sexual  organs,  etc.  The  funda- 
mental functions  of  nourishment,  sensation,  movement,  and  repro- 
duction are  performed  more  or  less  directly  by  the  protoplasm. 

In  nutrition,  in  so  far  as  it  is  not  produced  by  substances  in 
solution,  foreign  particles  pass  into  the  protoplasm  and  are  digested 
by  it.  They  usually  lie  during  digestion  in  special  collections  of 
fluid,  the  food  vacuoles  (figs.  120,  144,  etc,  na),  more  rarely  in  the 
protoplasm  itself.  All  indigestible  portions  are  cast  out  after  a 
time.  This  taking  in  and  casting  out  of  foreign  matter  can  take 
place  in  the  lower  Protozoa  at  any  point  of  the  surface,  while  in 
the  more  highly  organized  species  there  are  definite  openings  which 
according  to  analogy  with  many -celled  animals  are  spoken  of  as 
mouth  and  anus,  or  more  precisely,  cytostome  and  cyiopyge.  The 
mouth  may  connect  with  a  tube,  the  oBsophagus  or  cytopharyiix^ 
which  ends  free  in  the  protoplasm. 

Structures  may  occur  within  the  protozoan  cell  which  recall 
the  organs  of  higher  animals,  and  which  are  called  cell  organs. 
While  motion  is  usually  produced  by  the  protoplasm  and  its  pro- 
cesses— pseudopodia,  flagella,  and  cilia — there  are  Protozoa,  like 
Stentor  and  the  Vorticellidse,  which  have  true  muscular  fibrillse. 
The  sensitiveness  to  light  is  often  increased  by  the  formation  of  an 
eye  spot,  a  small  pigment  body  in  which  eren  a  lens  may  occur. 
More  constant  of  cell  organs  are  the  contractile  vacuoles  (fig.  116, 
etc.,  cv)j  structures  rarely  absent  from  fresh-water  species,  but 
commonly  lacking  from  marine  forms.  These  are  distinguished 
from  the  food  vacuoles  by  three  characters  :•  they  have  a  definite 
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place  in  the  cell;  their  number  is  approximately  constant  in  most 
species;  they  exhibit  extremely  constant  phenomena.  The  walls 
contract  and  empty  the  fluid  contents  to  the  exterior,  often 
through  a  special  duct.  When  one  empties  it  completely  disap- 
pears and  is  formed  again  anew  in  a  short  time,  and  is  filled  with 
fluid  from  the  surrounding  protoplasm.  It  thus  resembles  the 
contractile  vacuoles  in  the  water  vascular  system  (excretory  organs) 
of  the  worms  to  be  described  later.  Apparently  the  contractile 
vacuoles  are  for  the  elimination  of  injurious  substances  in  solution 
produced  by  the  vital  processes,  among  them  possibly  carbon 
dioxide,  like  a  respiratory  organ. 

Apparently  all  the  vital  functions  are  under  the  control  of  the 
nucleus.  Experiments  show  that  Protozoa,  artificially  deprived  of 
their  nuclei,  perform  their  functions  incompletely  and  soon  perish, 
while  fragments  containing  a  nucleus  remain  alive.  Young  Pro- 
tozoa usually  have  a  single  nucleus,  and  many  have  but  one 
throughout  life  ;  but  others  early  become  multinucleate.  Such 
multinucleate  forms  are  frequently  regarded  as  cell  complexes  or 
syncitia,  but  unnecessarily,  for  aside  from  the  fact  that  in  animal 
and  plant  histology  polynucleate  masses  of  protoplasm  are  regarded 
as  cells,  this  term  makes  a  distinction  between  the  uni-  and  the 
multi-nucleate  forms,  which  does  not  correspond  to  the  actual 
relations,  since  the  phenomena  of  both  are  completely  alike. 

Reproduction  is  accomplished  exclusively  by  fission  or  budding, 
and  under  suitable  conditions,  such  as  abundance  of  nourishment, 
occurs  so  rapidly  that  many  Protozoa  inside  a  few  weeks  can 
number  their  descendants  by  millions.  Many  divide  in  the  free 
state  while  they  are  creeping  or  swimming  about;  others  become 
encysted  before  division.  They  become  spherical  and  secrete  a 
protecting  membrane  around  themselves  (figs.  121,  122).  En- 
cysted individuals  usually  divide  into  more  than  two  pieces,  in 
four,  eight,  or  even  many  hundreds  of  reproductive  bodies.  It  fre- 
quently happens  that  multinucleate  species  divide  into  as  many 
parts  as  there  are  nuclei. 

In  the  Protozoa  may  occur  a  fusion  of  individuals — conjuga- 
tion — ^which  in  many  respects  has  much  similarity  to  the  process 
of  fertilization  in  Metazoa  and  in  plants.  In  some  (conjugation 
of  many  Rhizopods)  this  does  not  correspond  to  true  fertilization, 
since  only  the  protoplasm  unites  (pla»togamy)^  while  the  fusion  of 
nuclei  {caryogamy)  necessary  to  fertilization  does  not  occur.  In 
others  a  fusion  of  nuclei  takes  place.  In  the  cases  which  have 
been  accurately  studied  there  has  been  seen,  before  the  fusion  of 
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the  nuclei,  a  process  comparable  to  the  formation  of  the  polar  glob- 
ules in  the  egg,  to  this  extent^  that  in  each  of  the  conjugating 
individuals  the  nucleus  divides  twice  and  of  the  products  of  divi- 
sion only  one,  the  nucleus  intended  for  caryogamy,  persists  while 
the  others  (polar  globules)  degenerate. 

These  cases  of  true  fertilization  permit  of  great  diversity.  The 
conjugating  individuals  can  be  equal  in  size  (most  Infusoria,  many 
Rhizopoda),  or  there  is  a  disparity  in  size  (sexual  dimorphism),  in 
which  smaller  and  consequently  more  mobile  <  males  ^  (microga- 
metes,  zoospores)  fertilize  the  larger  fixed  or  slowly  moving 
*  females '  (macrogametes,  oospores)  as  in  Volvox  globator^  Vorti- 
cellid»,  and  many  Sporozoa.  In  conjugation  of  individuals  of 
equal  size  there  is  frequently  a  mutual  fertilization — A  fertilizes 
B,  and  is  in  turn  fertilized  by  B — ^after  which  the  animals  sepa- 
rate (most  Infusoria,  Oregarines,  ^octiluca). 

Twenty  years  ago  it  could  be  laid  down  as  a  universal  fact  that  the 
Protozoa  in  contrast  to  the  Mctazoa  lacked  sexuality.  In  the  mean  time 
observations  on  Protozpa  belonging  to  different  classes,  even  the  Rhizop- 
oda, have  so  increased  that  the  conclusion  is  that  fertilization  occurs  in 
all  Protozoa,  although  the  rarity  of  the  process  in  many  species  renders 
the  complete  demonstration  difficult.  Still  there  remain  certain  interest- 
ing differences  from  the  Metazoa.  The  Protozoa  lack  special  sexual  cells 
— eggs  and  spermatozoa.  On  the  contrary,  the  whole  body  functions  as  a 
sexnal  cell.  Further,  the  relations  of  fertilization  to  reproduction  are  not 
the  same  as  in  the  Metazoa.  It  does  indeed  occur  (swarm-spore  formation 
in  NoctUwxiy  formation  of  pseudonavicellae  in  gregarines)  that  fertilization 
precedes  rapid  division,  but  much  more  commonly  fertilization  is  the 
result  of  rapid  division  and  a  cause  of  slower  reproduction  (Infusoria)  or 
even  of  complete  rest  {ActinospJictrium,  Actinopkrys^  Volvox).  One  can 
therefore  only  speak  of  fertilization,  not  of  sexual  reproduction,  in  the 
Protozoa.  These  facts  are  of  great  importance  in  the  consideration  of  the 
nature  of  impregnation,  for  they  show  that  it  has  not  only  the  purp)08e  of 
stimulating  the  developmental  processes,  but  that  it  accomplishes  other 
functions,  and  that  these  functions,  obscure  as  they  at  present  are,  are 
the  more  important  since  they  are  the  more  primitive  and  the  more  widely 
distributed. 

With  Noctiluca,  many  Sporozoa,  and  perhaps  in  Rhizopods  a  period 
follows  impregnation  in  which  the  division  ('sexual  reproduction^)  has  a 
special  character  (swarm-spore  formation  in  Noctiluca^  formation  of  sporo- 
blasts  and  sporozoites  in  the  Sporozoa)  and  differs  from  the  customary 
*•  vegetative '  reproduction.  This  alternation  of  methods  of  reproduction 
recalls  the  alternation  of  generations  of  the  Metazoa  and  is  called  by  the 
same  name. 

The  Protozoa  with  thin  small  and  soft  protoplasmic  bodies  are 
but  little  if  at  all  protected   against  drying  up,  and  therefore  they 
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are  aquatic.  A  few  forms,  like  Amceiba  terricola^  are  terrestrial,  and 
these  only  occur  in  moist  places.  Salt  and  fresh  water,  of  the  latter 
stagnant  pools  rich  in  vegetation,  are  the  favorite  places  for  Pro- 
tozoa. The  fresh-water  forms  are  cosmopolitan,  so  that  the  forms 
in  the  most  diverse  lands  are  very  similar.  This  depends  upon  cer- 
tain peculiarities.  The  fresh-water  Protozoa  can  become  encysted 
independent  of  reproduction,  and  in  the  encysted  stage  can  endure 
times  of  unfavorable  conditions  such  as  lack  of  food,  freezing,  or 
complete  evaporation  of  the  water.  When  thus  protected  they 
may  be  blown  about  by  the  wind  or  carried  far  on  the  feet  of 
birds.  Hence  it  is  that  one  group  bears  the  name  Infusoria,  for  if 
dry  earth  or  dry  plants  {e.g.,  hay)  be  soaked  in  water  and  this 
infusion  allowed  to  stand  for  some  time,  a  more  or  less  rich 
Protozoan  fauna  will  develop  in  it.  The  encysted  animals  in  the 
earth  or  on  the  plants  are  awakened  by  the  moisture  to  new  life 
and  leave  the  cyst.  Spontaneous  germination,  as  was  once  believed, 
does  not  occur  here,  for  if  one  sterilize  the  materials  and  prevent 
the  entrance  of  germs  the  water  will  remain  uninhabited. 

Historical.— On  account  of  their  practical  invisibility  the  Protozoa  were 
unknown  until  1675  ;  they  were  discovered  in  infusions  by  the  Dutch 
Leeuwenhoek,  the  disco veror  of  the  microscope.  Wrisberg  in  the  eight- 
eenth century  called  them  Animalcula  infusoria— infusion  animals,  and 
Siebold  in  the  century  just  closed  gave  them  the  name  Protozoa.  The 
proposition  of  Haeckel  to  place  a  portion  of  the  Protozoa  in  a  kingdom 
Protista  between  animals  and  plants  has  found  but  little  acceptance.  In 
the  accounts  of  the  structure  the  views  of  Dujardin  and  Ehrenberg  were 
long  at  variance.  Ehrenberg  maintained  with  all  confidence  that  the 
Protozoa  like  all  animals  possessed  the  most  important  organs,  alimen- 
tary canal,  nervous  system,  muscles,  excretory  <ihd  sexual  organs.  Du- 
jardin denied  all  this  and  ascribed  to  the  Protozoa  only  a  single  homo- 
geneous substance,  *  sarcode '  (p.  60)  which  was  sufficient  to  produce  all 
vital  phenomena.  Dujardin^s  view  later  found  important  support  in 
Siebold's  discovery  that  the  Protozoa  were  unicellular.  Still  for  a  long 
time  Ehrenbei^^s  ideas  persisted  in  various  modified  forms  and  were  not 
totally  overthrown  until  after  the  middle  of  the  nineteenth  century.  The 
fact  that  there  are  unicellular  animals  without  organs  and  yet  capable  of 
existence  was  an  extremely  valuable  addition  to  knowledge,  for  it  not  only 
broadens  our  conception  of  animal  life,  but  it  furnishes  for  the  theory  of 
evolution  from  simple  organisms  the  strongest  link  in  the  chain,  the  first 
of  the  series.  .'  — 

The  different  appearances  of  Protozoa  depend  upon  the  grade  of 
organological  and  histological  differentiation.  Since  these  are  most  promi- 
nent in  the  nourishing  and  locomotor  structures,  these  become  important 
in  subdividing  the  group.    The  organs  for  these  purposes — pseudopodia. 
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flagella,  cilia — furniah  the  basis  for  the  diflerentation  of  these  cinsses,  to 
vhicb  are  added  forms — the  class  of  Sporozoa — modified  by  parasitism. 

Class  I.  Rhizopoda. 

In  the  lowest  position  in  the  Protozoa  must  be  placed  those 
organisms  which  lack  permanent  structures  for  locomotion  and 
nonrishment,  but  in  which  the  protoplasm  of  the  body  performs 
tliese  f  anctious.     The  term  Hliizopoda  refers  to  the  fact  that  the 
protoplasm  sends  out  root-like  procesBOs — false  feet  or  pseudopodia 
— for  locomotion  and  for  taking  nourishment.     These  differ  from 
true  appendages  in  that  they  are  not  constant  cell  organs,  bnt  are 
formed  according  to  demand  and  again  disappear.     A  psendopo- 
dium   arises  when   the    protoplasm 
streams  to  one  point  of  the  body  and 
extends  as  a  process  beyond  tlie  sur- 
face.    Since   the    process   becomes 
attached  and  draws  the  body  after 
it,  or  since  the  protoplasm  of  the 
body  may  flow  into  it,  a  slow  change^ 
of  place  occurs.     Thus  the  process 
disappears  and  is  absorbed  in  the 
organism,  and  new  pseudopodia  are 
formed  at  other  places  which  after  a 
time  are  retracted  in  turn.      This 
type  of  locomotion  is  called  amoeboid 
after  the  Ammba,   in  which  it  was 
first  accurately  studied.     When  the 
Rhizopoda  In  their  wanderings  meet 
particles  of    nourishment,  they  en- 
close  them   with  their   protoplasm f'?.  us.- ^Burho   pnHew.     (After 

,   ^  ,       ^,  -    ^      ,.       -    i     .         ,    L«'dy.)   cif,ooiit™ctllB  vacuole:  e.i. 

and  take  them  into  the  interior  of   \1?*?^J^-  eot""™;  ».nui!ieu«; 
the  body  {fig.  ll(i,  A').  *■ 

The  form  of  the  pseudopodia  is  approximately  constant  for 
each  species,  but  as  a  whole  very  rariable,  so  that  it  may  be  used 
not  only  for  separating  species  but  families  and  larger  groups.  On 
the  one  hand,  there  are  finger-like  pseudopodia  (fig.  116),  on  the 
other,  those  of  such  delicacy  that  even  under  strong  magnification 
they  appear  like  fine  threads  (fig.  117).  Between  these  two 
extremes  are  many  intermediate  forms.  Thread-like  pseudopodia 
usually  branch,  and  when  the  branches  meet  they  may  fuse  and 
form  anastomoses,  from  which  it  follows  that  it  is  not  true,  as  was 
once  supposed,  that  the  pseudopodia  are  covered  by  a  membrane. 
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The  fiae  granales  of  the  protoplasm  can  enter  the  peeadopodia 
and  produce  here,  as  the;  moTe  back  and  forth,  the  phenomenon 
of  'Btreaming.'  Since  foreign  particlee,  like  grains  of  carmine 
taken  np  b;  the  protoplasm,  can  participate  in  this  streaming,  it 


Fio.lll.— RoCaUa/Veverl.    (From  Lang,  kfter  M.  Scholtaa.) 

follows  that  the  movements  depend  not  upon  the  grannies  but  on 
the  protoplasm  itself.  We  haye  already  used  the  fact  (p.  63) 
that  granules  in  the  finest  thread  can  move  in  opposite  directions 
at  the  same  time,  to  demonstrate  the  extraordinary  complexity  of 
protoplasmic  structure. 

When  Rhizopoda,  in   the  free  or  en- 
cysted condition,  increase  by  division,  the 
division  products  frequently  exchange  the 
amceboid  motion  for  that  of  the  Flagellata, 
and  become  flagellate  spores  or  zoospores. 
The  body  becomes  oval  and  develops,  on  the 
*    anterior  end  which   contains  the  nucleus, 
\     one  or  more  flagella,  which  move  more  ener- 
getically than  pseudopodia,  and  are  perma- 
nent as  long  as  the  zoospore  stage  persists 
(fig.  121).      Since  many  Protozoa  possess 
flagella     along    with     pseudopodia,     the 
TV).  iis.-afffl^ta™<ri«  (w   boundary  between  Rhizopods  and  Flagel- 
vtra.  (AfMr  F.  J.  SchuiM.)  lates  18  not  distinct  (fig.  118). 

The  Bhiiopoda  form  an  ascending  ktim  in  which  the  syBtematio  chai^ 
acters  become  more  and  more  pronounced;  sucb  are  Ihe  assumption  of  a 
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defloitfi  form,  as  in  tlie  Radiolaria  and  Heliozoa,  the  formation  of  a  skele- 
ton al  regular  cbnrscter,  as  in  the  Thalamophora.  or  the  developmeiit  of 
a  peculiar  reproduction,  as  in  the  Uycetozoa.  At  the  bottom  stand  the 
llonera  and  the  Loboea  whose  characters  are  Tiioetif  negative,  for  neither 
furm,  skeleton,  nor  reproduction  affords  systematic  distinctiona. 
Order  I.  Hoiiera. 
The  most  important  character  ot  the  Honera  is  the  lack  of  a  nucleus. 
As  with  other  negative  characters  this  is  somewhat  uncertain.  In  many 
CHses,  especially  when  the  protoplasm  is  fliled  with  chromatin  granules, 
the  nucleus  is  recognized  with  difficulty,  and  hence  animals  have  been 
described  as  anucleate  in  which  the  nucleus  was  overlooked.  The  num- 
ber of  '  Uonera '  was  formerly  very  great,  but  has  diminishetl  with  the 
dcTelopment  of  microscopic  technique.  So  it  is  possible,  even  probable, 
that,  in  the  few  forms  now  remaining  in  the  group,  the  nucleus  has  merely 
escaped  observation.  On  the  otlier  hand  there  are  several  theoretical 
reasons  which  support  the  idea  of  anucleate  organisms.  It  is  easier  to 
suppose  that  with  the  appearance  of  life  there  were  organisms  consisting 
oE  but  a  single  substance  than  that  these  orjEanisms  had  nucleus  and 
protoplasm  already  differentiated,  Several  species  of  Protamaba  are 
placed  in  the  Honera. 

Order  II.  LobOM  (AnxBbina). 
Lobosa  are  primitive  Rhizopoda  with 

ouo  or  eeveral  nuclei.      The  species  of 

Atnteba,  forma  which  owe  their  name  to 

their  constaot  change  of  shape,  are  typical 

{figs.  116,  119).     This  change  of  form  is 

due  to  the  formation  and  disappearance 

of  a  few  finger-like  (loboee)  pseudopodia. 

Body  and   pseudopodia   consist  of   two 

layers,    a   soft  granular  inner  entosarc 

(ei>)  and  a  firmer,  clear,  outer  ectoaarc 

{ek).     In  the  entosarc  is  nsiially  a  single 

(sometimes  several)  nucleus  (»),  which  is 

vesicular,  and  contains  either  one  large 

or  Ecverul  smaller  nucleoli.    A  contractile 

vacuole  is  usually  present.    Reproduction 

occurs  by  diviaioa  (fig.  119),  and  in  some 

instances  encystment  has  Ijeen  observed,  ^'^  diviBion""^(tBr'''P™'E' 

the  protoplasm  dividing  into  many  hun-     v,^",',1b'.'  tkf^ectomro^'el^ 

dred  small  amoebm.  enWBare;  n,  ducIbub. 

Host  Lohosa  occur  in  fresh  water  ;  the  larger  forms,  like  Pelomyxa 

ptdustrU  (3  mm.  in  diameter)  live  in  the  ooze  of  pools,  the  smaller,  like 

Amaiba  proteus  and  A.  princeps,  on  plants  or  free  in  the  water.     The  very 

small  .d.  ^^mcoJa  lives  in  moist  earth.    There  are  also  parasites  among  the 

Amcebse,  like  A.  oaii  (0.02  to  0.08S  mm.  large),  rare  in  colder  climates,  fre- 
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quentlj  observed  in  the  tropics  in  liver  absoeetes  and  in  aloere  of  the 
colon  of  men  ill  with  dysentery,  and  perhaps  the  cause  of  the  diaeaae. 
Some  of  the  Uonothalamia  (p.  198)  are  sometimes  referred  to  the  Lobosa. 

Ordar  m.  Helioioa,  Snn  Animalcules. 

The  Heliozoa  owe  their  Dame  to  the  shape  of  the  body,  with 
the  psendopodia  arranged  like  rays.  In  the  psendopodia  are  a 
firm  axial  thread  forming  a  skeleton  and  a  thin  coating  of 
protoplasm.  Branching  and  aDastomoses  of  the  psendopodia 
are  rare,  and  nsnally  occnr  only  vheo  the  radial  arrangement  is 
modified  hy  pressnre.  The  axial  threads  frequently  converge  at 
the  centre  of  the  body.  Here  lies  a  granule,  the  centrosome 
separated  from  the  nuclon«,  which  plays  an  important  part  in 
division.     The  body  consists  of  cortical  and  mednllary  portions 


(fig.  120),  distingaished  by  differences  in  the  protoplasm,  bnt 
not  separated  by  membrane.  In  the  cortex  are  the  contractile 
vacuoles  {cv);  the  medulla  contains  the  usually  single  nuclenB. 
Among  the  polymicleate  forms  is  the  largest  and  one  of  the  most 
beautiful  of  fresh- water  species,  AcHnosphcerium  eichhorni.     Many 
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HeliOEoa  possess  a  silicioaa  skeleton,  whicli  may  be  a  lattice-work 
sphere   (%.   121),  needles   radially  arranged   or   placed   tangen- 
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tially.     The  forms  without  Bkeletons  are  few,  but  these  have  the 
power  (fig.  122)  of  forming  siliciona  envelopes  dnring  encystment. 

Reprodoction  takes  place  by  divi- 
sion, and  one  or  both  moieties   may 
become  swarm  spores,  i.e.,  assame  an 
oTsl  form  bearing  at  one  pole  one  or  two  , 
flagella  (fig.   121,   C).     These    swarm  i 
spores  become   widely  distriboted   byfl 
the   Amelia    before  they  resume   the  [f 
ipherical  shape,  lose  their  flagella  and  |\ 
form  peendopodia.    It  frequently  occars  r 
that    several    HelioEoa    of    the    same  \ 
species  become   connected    by    proto- 
plasmic bridges,  and  so  form  unions  of 
from  two  to  ten  individuals.    True  fer- 
tilization preceded  by  a  kind  of  polar- fw.  m-C^rt^Witii  wrminn 
globule  formation  has  only    been   ob-    ^rwcu^rT^^.?"^ 
served  in  Aclinophrya  tol  and  Actinospharium  eickkorni. 
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Forma  with  skeleton  and  those  without  are  distingaiahed.  To  the  first 
beloDg  ClathndifM  elegant,  with  a  epherituil  lattice-work  skeleton  supported 
on  a  stalk  (fig.  121).  AcajUhocyatia  fur/ocea,  skeleton  of  radial,  bnncbiiig 
needles.  To  the  forms  without  skeleton  belong  first  Actiiioap/iarium 
eidihomi,  as  large  as  a  pin-liead,  milk-white,  protoplasm  foamy  from  the 
numerous  fluid  vacuoles,  the  different  sizes  of  which  markedly  distinguish 
cortical  from  medullary  proportions.  The  contractile  vacuoles  are  in  the 
cortex,  the  nuclei  in  tlie  medulla.  In  encystmeut  the  foamy  appearance 
and  most  of  the  nuclei  are  lost,  and  a  cyst  is  formed  with  numerous  uni- 
nucleate daughter  cysts.  Each  daughter  cyst  divides  into  secondary  cysts 
which,  after  the  formation  of  polar  globules,  fuse  (fertilization)  and 
produce  germ  spheres.  From  tliese  then  escape,  after  a  loug  rest,  the 
young  AcHnotpharia.  The  reproduction  of  AdinophryM  sol,  a  smaller 
form,  is  essentially  similar. 

Order  IV.  Radlolaiia. 

The  Badiolaria,  the  moat  beautiful  and  most  highly  organ- 
ized of  the  Rhizopoda,  strongly  recall,  in  their  appearance,  the 


Fio.  1^— TTinJomliviUfl  peloptca.  In  the  centre  tbe  nocleua  with  coiled  nucleolas. 
around  It  tbe  central  capsule  with  oil  globules:  still  outside  the  extrauausuUr 
■oft  bodr  irlth  viicuoleB  (eitracapsular  iilveoll),  fellow  cells  (black)  snd  paeu- 
dopodla. 

Heliozoa.     They  are  spherical,  only  rarely  by  flattening  converted 
into  disks,  or  by  unequal  growth  into  cooical  or  lobular  shapes. 
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A  second  reaemblance  lies  in  the  delicate  pseudopodia,  often 
with  an  axial  filament.  The  dlBtiDguiahing  characteristic  is  the 
central  capsule.  This  is  the  ceutral  portion  of  the  body  surrounded 
by  a  membrane,  ontaide  of  which  is  the  extracapsalam.  The 
central  capsule  is  the  most  important  part  of  the  animal.  If  it  be 
dissected  out  from  the  extracapsuluni  it  not  only  lives  bat  regen- 
erates the  lost  parts,  while  the  extracapsular  portions  die.  Since 
the  protoplasm  of  both  parts  is  identical,  the  difference  in  regen- 
erative powers  can  only  depend  on  the  nuclei,  which  are  confined 
to  the  central  capsule. 

The  central  capsule  may  be  uni-  or  pol^nuokate.  In  the  first  case  the 
nucleus  (fig.  128),  a  vesicle  of  appreoi.ible  size,  lies  in  the  centre  of  the 
capsule,  in  the  others  the  capsule  is  thronged  by  hundreds  ot  small  homo- 
geneous nuclei.  All  Radiolariii  are  uninucleate  in  the  jnung  stage,  and  only 
nt  the  time  of  swarm-spqre  formation  polynucleate.  The  fact  that  certain 
species  have  almost  alirays  one  nucleus,  while  others  usually  have  many,  is 
explained  in  the  first  ense  by  the  long  continuance  of  the  uninucleate  con- 
dition, only  giving  place  to  the  polynucleate  condition  just  before  the 
formation  of  swarm-spores,  while  in  the  second  the  pAlynucIeate  condition 
is  reached  early.  In  the  central  capsule  are  also  included  various 
deposits  which  serve  as  food  during  reproduction,  such  as  concretions,  oil 
globules,  etc. 

The  membrane  enrrounding  the  central  capsule  is  either  per- 
forated on  all  sides  by  numcrons  pore- 
canals  or  by  small  openings  in  certain 
places.  Through  these  pores  and  open- 
ings the  intracapsular  protoplasm  passes 
out  and  spreads  itself  in  the  extracap- 
Bulum.  This  consists  of  a  gelatinous 
mantle  through  which  the  protoplasm 
extends  ae  a  fine  network  before  it  forms 
pseudopodia  on  the  surface.  In  the 
larger  Radiolaria  it  contains  vacuoles 
(extracapsular  alveoli)  developed  in  the 
protoplasmic  net  (fig.  133). 

With  Jew  exceptions  tho  Radiolaria 
possess  skeletons  of  wonderful  beauty; 
latticed  spheres,  single  or  one  within 
another,  and  bonnd  together  with  radial 

rods  (fig.  85),  frequently  ornamented  on     ^'^'.^^f^^^^TL^™^ 
the  outer  surface  with  spines,  or  latticed 

discs,   helmet-like   or  cage-like  structures  (fig.   134)  or  spongy 
Etmctures.     In  other  cases  occur  rings,  tubes,  spines,  which  meet 
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in  the  central  capsule  (fig.  125),  etc.  In  rare  cases  the  skeleton  is 
formed  solely  of  organic  substance  (acanthin);  usually  it  is  sili- 
oions  and  of  much  firmness.  Hence  skeletons  of  Badiolaria  occur 
in  rocks  of  various  ages,  as  in  Caltanisctta,  Sicily,  the  ^Nicobars 
(both  tertiary),  and  the  Barbadoes. 

In  reproduction  first  comes  fission,  which  begins  a  division  of 
the  central  capsule  (in  uni-nucleate  forms  with  a  division  of  the 
nucleus)  aud  usually  extends  through  the  extracapsulum.  If  this 
latter  does  not  divide  a  colony  resultp,  in  which  a  gradually 
increasing  jelly  contains  numerous  central  capsules,  bound  together 
by  ])rotoplasmic  threads,  which  form  the  pseudopodia  on  the  sur- 
face (fig.  126).  A  second  type  is  reproduction 
by  swarm  spores,  which  begins  when  the 
nucleus  has  divided  into  hundreds  or  thousands 
of  daughter  nuclei.  The  central  capsule  then 
divideis  into  as  many  portions  as  there  are 
nuclei,  which  become  oval  and  develop  two 
flagella  (fig.  127),  which  soon  begin  to  vibrate 
so  that  the  central  capsule  is  filled  with  a 
tumultuous  crowd.  With  the  breaking  of  the  jr,o  127 -zoospores  of 
capsular  membrane  these  swarm  spores  escape,  Sicro8pore-**^jr*aoo^ 
and  at  this  point  our  knowledsre  of  this  tvpe  of      ^^^  ^*^*>  fusiform 

*  ,  ^  "        .  body;  c,  macrospope. 

development  ceases.      Since  in  many  S2)ecies 
there  are  large  and  small  spores — macrospores  and  microspores — 
it  is  probable  that  for  the  further  development  a  copulation  of 
different  swarm  spores  is  necessary. 

Conimon,  if  uot  constant,  in  thehodies  of  the  Radiolaria  are  the  yellow 
cells  which  were  formerly  regarded  as  a  part  of  the  animal;  they  are  uni- 
cellular <il^ae  (Zooxaathelke),  which  are  also  present  in  other  animals. 
(Thaiamophora,  actinians,  sponges,  etc.)  They  afford  an  instance  of  sym- 
biosis, or  the  living  together  of  different  organisms  for  mutual  good.  This 
new  view  rests  upon  the  facts  that  the  Zooxanthellce  have  a  membrane, 
secrete  starch-like  substances,  divide  independently  of  the  radiolarian  and 
continue  to  live  after  its  death. 

The  Radiolaria  are  exclusively  marine.  In  fair  weather  they  flojit  at 
the  surface,  but  sink  in  tiroes  of  storm.  Certain  species  and  even  lnr<;e 
groups  like  the  Phspodaria  occur  only  at  great  depths  (1500-4000  fathoms) 
where  the  temperature  is  about  0°  C. 

Sub  Order  I.  PERIPYLEA  or  SPUMELLARTA.  The  capsule  mem- 
brane everywhere  perforated  by  pore  canals:  skeleton  absent  or  formed  of 
loose  needles,  of  silicious  latticed  spheres,  often  reduced  to  a  spongy  net- 
work or  flattened  to  discs.  The  latticed  spheres  can  be  provided  with 
spines  and  connecting  rods.    SPHiEROZoiD.i!:,  colonial  (fig.  126);  Thalassi- 
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cfiUD£(flg.  133);  llAUOHHiD£witblfttlice<l  Spheres  (fig.  46;:  Due id^,  disc 
like. 

Sub  Order  II.'  AC  A  NTH  ARIA.  Capsular  membrane  perforated  every- 
where by  pore  canals;  twenty  spines  oF  iicanthin  wliicli  radiate  from  iIia 
centre  in  an  extiemely  regular  manner,  form  the  skeleton,  as  in  Acantho- 
metra  (fig,  125),  or  tlie  S|iine3  are  tHiiiid  together  by  n  latticed  sphere 
formed  of  twenty  separate  plates,  as  in  Acanthophracla. 

Sub  Order  HI,  MONOPYLEA  or  NASSELLARIA.  The  pores  of  llie 
central  capsule  occupy  a  pore  field  at  one  end.  Best  known  are  the  Ctrtid.g 
{Eucj/rtulium,  fig!  124)  with  graceful  helmet  or  cage-like  skeletons. 

Sub  Order  IV.  PHjEODARIA.  The  central  capsule  has  a  principal 
opening,  often  drawn  out  into  a  lube  and  surrounded  by  dark  pigment 
Xphfeodium)  around  which  may  be  smaller  openings.  The  skeleton  is  sill- 
clous  and  formed  of  hollow  pieces.  Mostly  from  the  deep  seas.  Aula- 
cantha,  Aiiloxphara,  Qtloilettdron,  measuring  from  O.S  to  1.0  mm.,  are 
pelagic. 

Order  T.  Foraminifera  IThalamoptiora,  Beticulaila). 
The  Forum  in  if  era,  though  not  equalling  tho  Radiolaria  in 
beauty  and  variety  of  forms,  excel  them  id  numbers  of  indi- 
viduals, and  hence  have  a  greater  importance  in  the  history  of  the 
earth.  No  group  of  animals  at  present  or  in  the  past  have  had 
80  great  n  part  in  the  formation  of  beds  of  rock. 

The  most  prominent  characteristic  of  the  order  is  afforded  by 
the  shell.  This  is  an  envelope,  closed 
at  one  pole,  and  usually  opening  to  the 
exterior  at  the  other,  the  pseudopodia 
passing  through  the  aperture  (fig.  138). 
Accordingly  as  the  axis  connecting 
these  poles  is  shortened  or  lengthened, 
the  shell  becomes  disc-like,  spiicHcal, 
flask  formed  or  even  coiled  in  a  spiral. 
An  additional  feature,  the  division  of  the 
interior  of  the  shell  by  transverse  par- 
titions into  numerous  chambers,  is  com- 
mon. Such  many-chambered  shells 
(Polythalainia)  are  at  first  small,  and 
consist  of  one  or  few  chambers,  but 
Fia.  iw.  —  ouortniin  Kummtirifn.  as  the  animal  grows  new  chambers  are 

lAfterF.  E.  Schulze.)    ct.  con-  i  j    j      ^  ,i.  ..        -   ., 

trftctiie  vacuole:    a.  ducIcuh;  continually  added  at  the  mouth  of  the 
^'  shell.      Openings  in  the  walls  of  the 

shell  (foramina)  connect  the  adjacent  chambers.  The  spiral 
shells  with  many  chambers  have  a  striking  resemblance  to  the 
much  larger  shells  of  the  Nautilus  (flg.  386),  which  led  to  the 
view  once  held  that  the  Foraminifera  were  small  cephalopods. 
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In  the  fresh-water  forms  the  shell  is  built  of  a  chitinuona 
organic  substance  which  may  be  strengthened  by  silica  or  the 
incorporation  of  foreign  particles.  The  more  typical  members, 
exclusively  marine,  have  almost  invariably  calcarnous  shells  which, 
when  dissolved  by  acid,  leave  but  the  slightest  trace  of  organic 
matter.  The  presence  of  minute  pores  in  the  shell  is  of  syste- 
matic importance,  the  group  of  Perforata  (fig.  117)  being  char- 
acterized by  them. 

The  animal  portions  form  a  more  or  less  complete  caat  of  the 
inside  of  the  shell  (fig.  139),  and  in  the  polythalamate  forms  con- 
sist of  as  many  pieces  as  there  are  chambers  in  the  shell,  connected 


together  by  plasma  bridges  passing  through  the  foramina  of  the 
partitions.  In  the  protoplasm  there  is  a  large  nn dens  (figs.  128, 
129,  «),  which  in  some  cases  is  early  replaced  by  a  daughter  gen- 
eration of  small  nuclei.  Contractile  vacuoles  usually  occnr  only 
in  the  fresh-water  forms.  The  pseudopodia  project  through  the 
chief  opening  of  the  shell  and  in  tho  Perforata  probably  through 
the  pores  lu  the  shell  wall.  They  are  rarely  finger-liite  (fig.  128); 
usually  they  are  thread-like,  branched,  richly  granular  and 
anastomosing,  and  hence  favorable  objects  for  the  stndy  of  the 
streaming  of  protoplasm. 

Reproduction  is  generally  accomplished  by  fission,  but  presents 
many  variations.  Only  rarely  do  both  animal  and  shell  divide; 
treqnently  the  protoplasm  protrudos  from  the  mouth  of  the  shell, 
a  new  shell  is  formed  on  the  outgrowth  and  the  protoplasm  then 
divides,  one  of  the  resulting  individuals  retaining  the  old  shell.  In 
the  marine  Polythalamia  tho  following  process  is  general:  The 
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polynucleate  protoplasm  divides  into  numerous  uniniicleate  por- 
tions ('embryos')  which  frequently,  while  still  withiu  the 
mother,  develop  a  sholl  of  one  or  several  chambers.  In  several 
species  {Polystomella  crispa,  Hyalopna  dvjardinii,  Miliolidee,  etc.) 
there  is  apparently  a  dimorphic  alternation  of  generations.  A 
megalospheric  generation  (cliaracterized  by  the  long  persistence  of 
a  large  '  principal  naclens,'  and  often  of  a  large  central  chamber) 
produces  zoospores.  These  develop  into  tho  microsplueric  genera- 
tion (early  polynucleate,  often  with  small  central  chamber),  which 
form  '  embryos '  {supra),  which  in  tnrn  become  megalospheres. 

Suborder  I.  MONOTHALAMIA.      Mo-stly  fresli-w.iter  forms.    These 

specim  never  have  calcareous  shells,  but  sheila  of  chiiiii  or  silica,  often 

strengthened  bj  foreign   twdi^s.      Contriiclile   vacuole  usually  present. 

Pseudopodin  either  lobose  or  filiform,  branvlied  or  simple.      A.  Forms 

with  Anger-form  pseudopodin:    Arcella,   brown  disc-like  shell,    Iwo  or 

several  nuclei;  Qiiodrub,  shell  of  many  square  plates  (flg.  I3S):  Di^ugia, 

(fig.   131)  with  shells  of  sniid.     These  forms  may  be  regnrded  as  me'rely 

shelled  Amabie  and  are  frequently  referred  to  the 

Loboea.      All  other  foraminifern  are  characterlMd 

by  tile  filiform  brandling  or  anastomosing  pseudo- 

poilin.    B.  Farms  with  branching  nnd  anastomosing 

filiform  pseudopodia.    EHglypha,  shell  of  oval  plates; 

Qromia  (Qg.  IT),  marine,  shell  a  horny  sac. 

Sub  Order  II.    POLYTHALAMIA,      Exclusively 

,  marine,  living  on  aquatic  plants,  on  the  bottom  or 

pelagic.    The  shells,  when  not  dissolved,  fall  to  the 

bottom  in  such  numbers  thitt  a  gram  of  the  sand 

.f      ,,.     7i,«     ■        "cay  contain  00,000  of  them.    Thick  beds  of  rock  like 

FIO.  131.— ZMiRuifio.  ■'         ,         ,  .... 

tOrig.i  the  chalk,  the  nummulitic  limestone,  and  the  green- 

sand  are  largely  foramitiiferal  in  origin.  The  living  species  have  an  average 
diameter  of  about  1  mm.  lUtrely  species  have  a  diameter  of  several  cen- 
timeters (ftominonya;  vulcanicus,  5-6cm.).  The  fossil  nummulites  reach 
a  diameter  of  6  cm.  A.  Shell  wall  massive,  the  terminal  paeudopodal  open- 
ing being  the  only  communication  with  the  exterior.  Miliola  (fig.  130). 
B.  Perforata,  Shell  perforated  by  many  pores;  the  terminal  opening  may 
be  lacking.  Fblystomella,  Jiotalia  (fig.  117),  botlom  dwelling;  GhAigerina 
buUoides  (Qg.  129),  pelagic.  Among  the  fossils  the  Nummulites  need  men- 
tion as  well  as  the  Eozoon  canadenxe  of  the  extremely  old  Laurentiau  beds 
of  Canada,  the  animal  nature  of  which  is  denied  by  most  students. 
Order  TI.  Myc«toioa. 
The  Mycetozoa  or  slime  animals  arc  regarded  by  some  as  ani- 
mals, by  others  as  plants  under  the  older  name  Myxomycetcs 
(slime  moulds).  Tlie  first  position  is  supported  by  the  structure 
of  the  motile  stage,  the  Plasmodium,  tlie  second  by  the  reproduc- 
tion resembling  that  of  many  fnngi.     The  plasmodia  appear  in 
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damp  weather  as  networks  of  bright-red,  orange  or  yellow  elime  on 
decaying  wood.  They  are  giant  Amcebte,  several  centimeters  in 
extent,  of  reticulate  protoplasm  containing  many  nuclei  and  mnch 
foreign  matter  taken  ae  food.  They  creep  slowly  by  means  of 
pseudopdia  (fig.  133).     On  drying  the  plasmodinm  encysts  in  a 


... ., K  to  form  a.  Plasmodium: '/,  part  of  a  plaamodlum; 

In  d  and  e,  ouolei  and  contractile  vncuolea. 
Fia.  133.— spare- sacs  of  Arcjiria  inair-mln.     (After  de  Barf.)    At  the  left  the  aporan- 
glam  ruptured  bf  the  exp&udlng  capllUtium,  which  has  discharged  the  ajKires. 

pecnliar  manner,  and  if  at  the  proper  stage  of  maturity,  it  forms  the 
reproductive  bodiea,  the  sporangia  (fig.  133).  These  are  firm-walled 
vesicles,  frequently  stalked,  the  stalk  sometimes  extending  into  the 
axis  of  the  sporangium  as  a  columella.  The  space  between  the 
wall  of  the  sporangium  and  the  columella  is  filled  with  fine  powdery 
spores  and  an  exploding  apparatus,  either  a  network  of  fine  fila- 
ments (capillitium)  or  many  spirally  coiled  threads  (elaters). 
When  wet,  as  by  rain,  the  elaters  or  capillitium  expand,  rupture 
the  sporangium  and  scatter  the  spores.  The  spores  germinate  in 
water  or  ou  moist  surfaces,  and  from  each  comes  out  &  email 
amceba-like  embryo,  frequently  furnished  with  a  ftagellum  (fig.  132), 
Several  of  these  embryos  fuse  to  form  a  plasmodinm :  ^thalium 
septicum,  flowers  of  tan,  plasmodium  yellow,  ou  spent  tanbark; 
Comatricha,  Arcyria  (fig.  133). 


Class  II.  Flagellata  (Hastigophora). 

Id  many  Rhizopoda,  as  described  in  the  foregoing  pages,  the 
peeudopodia  disappear  from  time  to  time  and  are  replaced  by  one 
or  two  flagella  ;  others  have,  besides  pseudopodia,  permanent 
flagella  for  locomotion  and  taking  of  food.  Sach  flagellate  Bpores 
atid  flagellate  Ehizopods  form  the  transition  to  the  Maetigophora, 
which  are  permanently  flagellate,  the  flagella  serving  as  organs  of 
locomotion  and  feeding.  There  are  three  orders  which  must  be 
described  separately. 

Order  I.  AntoflagelUta. 
All  autoflagellates  at  first  sight  are  closely  similar,  a  iisnally 
oval  body  with  a  vesicular  nucleus  at  one  end,  a  contractile  vacuole 
at  the  other.  At  the  anterior  end  there  is  often  added  a  small  red 
or  brown  pigment  spot  {fig.  134),  apparently  for  tbe  recognition 
of  light,  and  hence  a  primitive  eye.  At  this  same  pole  are  also 
one  or  two  flagella;  when  a  greater  number  occur  they  are  scat- 


c,  conlraotlle  vscuale;  ii.  nucleus: 


Tia.  lXi,-Dinobryon  nrlnUiria.  (After  Stein.)  a.  BparsBltic  fluselUtnotten  found  in 
FiQ.  IM— CV.JicwIadiHm  umMUilum.    (After  Sleln.i 

tered  over  the  body.  The  body  surface  is  frequently  naked,  and 
may  be  capable  of  amceboid  motions;  at  other  times  it  is  covered 
with  a  more  or  less  evident  cuticle.  Very  common  are  cloBwI 
envelopes  and  open  goblet-shaped  caaea  (lories,  fig.  135).  and 
also  simple  or  branched   stalks  (fig.  136),  on  which  the  animals 
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sit  in  amall  groups.  There  are  great  differences  in  the  feeding 
and  in  the  organs  connected  therewith.  Many  feed  like  animale, 
being  provided  with  pseudopodia  like  the  Bhizopoda  or  with  a 
mouth  like  the  Infusoria.  In  the  Choanoflagellata  there  is  an 
interesting  etmcturc,  the  collar.  This  is  a  fnnnel-like  process  of 
the  body  protoplasm  on  which  foreign  particles  are  thrown  by 
the  flagellum  in  the  centre  (fig.  136)  and  thence  are  conveyed 
to  the  interior.  (According  to  recent  researches  the  collar 
cousista  of  a  plasma  membrane  rolled  up  spirally  with  two  tnrns.) 
Besides  these  animal  forms  are  plant-like  species  which  contain 
chlorophyJ  {Volvocinie,  Englenidie)  or  brown  chromatophores 
(Chromomonadineie),  aiding  in  assimilation  and  enabling  the 
organifim  to  produce  paramylnm  or  even  starch.  It  is  note- 
worthy that  forms  which  are  plant-like  in  this  respect  are 
closely  allied  anatomically  to  forms  which  resemble  the  animals. 
Indeed,  there  are  species  which  possess  a  cytostome  without  taking 
solid  nourishment,  assimilating  by  means  of  ehlorophyl  or  living 
on  fluid  food  (flg.  137).     AU  this  renders  more  difficult  the  syste- 


Flo.in.-CS.f/irionn)  parailK 
contractile  vacuole. 

Flo.  Its.- F'lkgel tuts  A.  " 
SurtUyca,  aide  view. 


mstic  valuation  of  the  diSerences  appearing  in  the  food,  and  also 
shows  that  the  Plagellata  have  relations  in  different  directions: 
with  the  Rbizopoda,  the  Infusoria,  and  the  lower  plants. 
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Keproduction  is  nearly  always  by  fission.  In  many  species 
conjugation  is  known,  best  in  those  plant-like  forms,  the  Volvo- 
cina,  where  two  individuals  fuse  completely  to  a  resting  spore.  In 
the  colonial  Volvocina  the  conjugating  individuals  are  unequal  in 
size,  some  animals  of  the  colony  growing  to  large  immobile 
oospheres,  while  others  by  continued  division  form  groups  of 
minute  active  zoospores  or  spermatozoids.  When  fertilized  by 
the  zoospore  the  oospheres  fall  to  the  ground,  become  encysted, 
become  brown  in  color,  and  enter  a  resting  stage  before  they  form, 
a  new  colony  by  division. 

Sub  Order  I.  PHYTOFLAGELLATA.  Plant-like  chlorophyl-bearing 
flagellates,  mostly  with  eye-specks.  Volvocina:  Volwx  globator^*  green 
sphere  0.2-0.7  mm.  in  diameter,  consisting  of  thousands  of  individuals 
whicli  propel  the  colony  by  their  flagella.  EugleuidsB  :  Eugleiia  viridis  '^ 
(fig.  184),  solitary,  coloring  small  pools  bright  green  (a  red  variety  colors 
them  purple)  by  their  immense  numbers.  Chryso monad ina,  plant-like  in 
nourishment  but  rarely  taking  solid  food  :  Dinobryon  *  (fig.  186). 

Sub  Order  II.  CHOANOFLAGELLATA.  With  collars ;  mostly  small 
colonial  forms.  Cbdosiga  *  (fig.  188^  B)  T  Conodadium^  numerous  indi- 
viduals united  on  a  stalk  (fig.  136).i/^ 

Sub  Order  III.  EUFLAGELLATA.  Animal  flagellates,  taking  solid 
particles  of  food  either  by  pseudopodia  or  by  a  more  or  less  developed 
cytostome.  Monadina.  Here  belong,  besides  numerous  free  forms,  several 
parasites  of  man :    Lajnblia  {Cercomanas)  inlestincUiSy  fig.  189    {Mega^ 


Fig.  131).  Fio.  140. 

Fio.  VSd.—Lamblia  iniestitinlin.    (After  Orassl.)    Front  and  side  views,  n,  nucleus. 
Fio.  U0.—Tn'chom4mcu  vaginalis.   (After  Blochmann.)    ti,  nucleus  (fourth  flafireUnm 
lacking  in  figure). 

stoma  eiitericiun);  also  in  rats  and  mice  :  Tricfioinonas  hominis  (T.  intes- 
tinalis),  both  in  small  intestine.     T.  vaginalis  (fig.  140). 
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Order  H.    Diiiott«£ellaU  {CilioflAgellatft}. 

These  forme,  occurring  in  both  fresh  water  and  the  sea,  are 
recently  placed  near  the  plants  because,  -«» 

with  their  brown  chromatophores,  their 
food  relations  are  like  those  of  plants, 
although  the  taking  of  solid  food  by  a 
mouth  opening  hoe  been  observed.  The 
flrnu>r  formed  of  cellulose  plates  is  also 
plant-like.  This  armor  is  divided  by  a 
transverse   groove  into   two  parts  which 

recall  somewhat  a  bos  and  its  lid.     There  i-f  ^ 

is  rfso  a  longitudinal  furrow  which  crosses 
the  other.  At  the  point  of  crossing 
are    two   flagella,    one  of  which  lies   in 

;  transverse  groove  and  was  for  a  long 

me  regarded  as  a  circle  of  cilia,  whence 

'       -  -  .1.   n        .1   ,  ..      f^Q-  W.—CenUlMm  eomuium. 

le    ClllOllagellates    given    the     (After  stein.)   npo,  aiiter[»r 

order.  Peridinium  labvlatum  and  Cera-  r^7' postorior^anf  "riahi 
timii  comuluvt  (fig.  Ul);  Ceraduvi  tri-  i^"^vtrvX^ftnif^^i 
pot*  marine.  g^^i,^^''"""'"'^''' p"""' 

Order  HI.    Critt^gellaU. 

The  cystoflagellates,  characterized  by  a  gelatinous  body  sur- 
rounded by  a  membrane,  include  two  very  interesting  species, 
both  marine,  which  differ  markedly  in  external  appearance. 

Noctihtca  miliaria*  (figs.   148,  138,  E),   among  all   marine 

S  A. 


time 
th^   • 


rio,  Itt—ft'orffliico  miUarii  ([□  p»rt  »(ter  Clonki 
Inm:  n,  nucleos:  n,  crtostome,  beatde  It  the  ' 
upper  cDd  with  two  Bts«es  Id  the  formation  c 


animals,  best  shows  the  phi 
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A,  entire  animal;  /,  Saeel- 

_nd  -Up':  (,  tentacle:  it  f, 

ofmoeporBBi  D.  zoosporva. 

of  phosphorescence.     These 
large,  sometimes   occur  in   such 
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numbers  at  night  ae  to  make  the  whole  surface  light  at  the  slight- 
est agitation.  The  phosphoresceuce  is  apparently  caused  by  oxi- 
dation processes  in  the  protroplasm,  but  it  persists  for  some  time 
after  deprivation  of  oxygen.  The  membrane  covering  the  body  is 
interrupted  by  a  pit  at  one  point,  the  cytostome,  near  which  is  the 
nucleus  surrounded  by  an  aggregation  of  protoplasm  which  sends 
branching  threads  into  the  jelly  of  the  body.  At  the  entrance  to 
the  cytostome  is  a  flagellum,  of  no  use  in  locomotion,  and  a  band- 
like tentacle  consisting  of  an  outgrowth  of  the  body  membrane 
with  a  transversely  banded  muscular  axis;  it  moves  slowly  with  a 
swinging  motion. 

Noctihtca  reproduces  by  simple  flsaion  and  by  formation  of 
swarm  spores  (fig.  142,  B,  C,  D).  In  the  latter  two  individuals 
lose  tentacles,  flagella,  and  eytostomos,  and  conjugate  ;  after 
mutual  nuclear  fertilization  the 
animals  separate,  while  the  proto- 
plasm in  each  collects  in  a  disc 
which,  by  successive  divisions,  is 
converted  into  numerous  uni- 
nucleate oval  germs.  These  at  first 
project  from  the  sphere,  but  later 
separate  and  form  small  flagellate 
spores  whose  later  history  is  not 
certainly  known, 

Liptodiscns  medusoides  of  Eu- 
rope (fig.  143)  has  the  appearance 
of  a  medusa  1  to  1.5  mm.  in 
diameter.  Its  gelatinous  disc  is 
covered  by  a  membrane,  and  at  the 
.  highest  point  of  the  concave  surface 
I  is  a  mass  of  protoplasm  with  a  siu- 

tract;  p,  pruuiiilaaioTc  band.  '  '  gje  nUcleUS.      Ou  One  Side  of  this  & 

band  goes  to  the  mouth,  on  the  other  a  canal  bearing  a  fine 
flagellum  at  its  end.  The  animals  swim  well,  like  medusa,  by 
closing  the  umbrella,  the  motions  of  which  are  caused  by  delicate 
muscles  on  the  concave  side. 

Class  in.    Ciliata. 

The  Ciliata  rival  the  Rliizopoda  in  numbers  and  variety  of 
form.  They  are  bo  complicated  in  structure  that  they  were  long 
held  as  multicellular,  a  view  which  was  entirely  abandoned  only 
in  the  last  quarter-century.      All  have  a  form  definite  for  the 
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species;   this  ia  the   '  amctabolous '  forms  is   unultemblo,  in  the 
'  metabola '  it  can  be  pressed  out  of  shape  in  passing  through  a 
narrow  space.     This  constancy  of  form  \i  due  to  the  development 
of  more  or  less  cuticle  on  the  outside  of  the  body,  which  in  the 
'amctubola'  acquires  an  armor-like  firmness;  in  the  others  is  more 
flexible.     The  cuticle  is  covered  with  cilia — Bmall  vibrating  pro- 
cesses which  move  not  singly  but  together  in  large  numbers,  and 
serve  not  only  as  organs  of  iocomotion,  but  by 
creating  vortices  in  the  water  bring  food  to  the 
organism.     They  furnish  the  moat  important 
characteristic  of  the  class  (fig.  144). 

The  presecce   of  u   cuticle   nocesBitates   a  ^ 

cytostome  (except  in  the  parasitic  species), 
since  food  particles  cannot  be  taken  in  at  any  i 

point.  At  the  cytostome  the  cuticle  with  its 
cilia  forms  a  funnel-like  extension  (cyto- 
pharynx)  into  the  protoplasm.  At  the  bottom 
the  cuticle  is  interrupted  so  that  water  and  pro- 
toplasm are  in  contact.  By  the  action  of  tlie 
cilia  food  particles  are  taken  into  the  cyto< 
pharynx  and  pressed  into  the  protoplasm, 
forming  a  small  enlargement  which  finally  sinks  fio.  \u.-PaTamiEftHm 

°  ,  "  ,       ,  ,        ,       ,         caudn/r.m    (half  dln- 

iDtO  the  BubstancG  as  a  food  vacuole  (na),  KranmiBtici.  cr.cun- 
which  by  the  streaming  of  the  protoplasm  is  Bystaie,  en',  in  dlas- 
carried  about  in  the  body.  The  digestible  por-  food  vw.uoie.  tiii', 
tions  are  absorbed,  and  those  not  capable  of  nacieua;  'f,  trie 
digestion  are  cast  out  of  the  body  at  a  fixed  <^>'»". »"' »"*"'"'«'. 
point  (cytopyge)  usually  not  recognizable  at  other  times  {fig.  151). 
Contractile  vacuoles  {cv)  are  lacking  only  in  parasites  and 
marine  species.  They  are  constant  in  number  and  position,  and 
frequently  have  afferent  ducts  which  empty  into  the  vacuole,  the 
vacuulo  in  turn  forcing  the  fluid  to  the  exterior.  Trichocysts,  nettle 
bodies,  and  muscular  fibrillfe  occur  in  some  species.  Trichocysts 
arc  minute  rods  placed  vertically  to  the  surface  in  the  cortical 
layer,  which  under  the  influence  of  reagents  (chromic  acid  is  best) 
elongate  into  threads  penetrating  the  cuticula.  These  have  been 
compared  by  some  to  the  nettle  cells  of  ccelenterates,  and  have 
been  ascribed  defensive  functions;  others  regard  them  as  tactile 
structures.  They  have  no  connexion  with  the  ciUa.  Nettle 
bodies  are  extremely  rare.  Muscie  fibres  are  more  common ;  they 
lie  between  ectosarc  and  cuticle,  and  cause  quick  convulsive  motions 
of  the  animal. 
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The  nncloar  relations  are  extremely  interesting  in  that  there  are 
two  nuclei  physiologically  unlike.  The  larger  of  these  (nucleus 
of  older  writere,  macroiiucleus)  is  a  large  oval,  rod-like,  or  spintl 
body,  readily  and  deeply  staining  with  microscopic  stains,  and  eur- 
ronnded  with  a  membrane.  It  appears  to  control  all  the  common 
/  vital  fnnctions  of  the  animal  (motion, 

feeding,  etc.).  Beside  it  or  in  a  depres- 
sion in  it  is  the  much  smaller  micro- 
nucleus  (nucleolus  or  paranucleus  of 
older  authors)  which  stains  less  deeply 
a  and  only  plays  a  part  in  reproduction. 

In  all  sexual  processes  it  comes  to  the 
front  and  can  be  called  the  sexual 
nuclens. 

Multiplication  of  Ciliata  occurs  by 
binary  fission  (fig.  146);  more  rarely,  and 
then  only  in  the  encysted  condition,  by 
division  into  numerous  (up  to  G4)  part«. 
Budding  is  known  in  the  Feritricha  and 
Snctoria.  First  the  micronucleits  divides 
^     ,,.    „  ,  „    mitotically,  and  then  the  macronuclena 

Id  division,  h.  DuusnmiicieaB:  separates  by  elongation  and  constmctiDn. 
of  tbs  «ep»r«ting  inaividumit  The  oM  cvtostome  peraiata  in  the  anterior 

Atf^neirlyiiUgeofdiT-lslon  •       \    .      t.  l         ^.     . 

ototostome.  ofcsprmg,  bat  often  an  outgrowth  from 

it  (fig.  145,  2,  o')  passes  into  the  posterior  half  and  develops  into 
a  new  mouth. 

The  periods  of  fission  are  intemipted  from  time  to  time  by  the 
sexual  process  of  conjugation,  which  will  be  described  as  it  occurs 
in  Param(ecium  (fig.  146).  Two  individuals  touch  at  first  in  front, 
and  then  by  their  whole  ventral  surfaces,  so  that  their  cytostomes 
come  together.  In  the  neighborhood  of  the  latter  a  plasma  bridge 
connects  the  two.  Later  the  individuals  separate.  While  these 
easily  observable  external  processes  are  occurring  there  is  a  com- 
plete modification  of  the  nuclear  apparatus  in  the  interior.  The 
macronnclens  increases  in  size,  and  breaks  into  small  portions 
which  disappear  within  the  first  week  after  copulation  (probably 
absorption),  and  give  place  to  a  new  nucleus  derived  from  the 
micronuclens.  At  the  beginning  of  copulation  the  micronuclens 
becomes  spindle-shaped,  divides  and  repeats  the  process,  the  result 
being  the  formation  of  four  spindles,  three  of  which  break  down, 
thus  recalling  tho  polar  globules  in  the  maturation  of  the  egg 
(p.  14G).    The  fourth  or  primary  spindle  places  itself  in  the  neigh- 
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borbood  of  the  cytostome  at  right  angles  to  the  surface  and  divides 
into  two   nuclei,  the  superficial   being  called  the  wandering  or 


icronuclens;  iifc,  micron aclenB;  o,  cyto- 


ivIsloD  of  primary  spindle 


Fkl  IM.— Conjugation  In  Paramaeiwa 

I.  Cbuigu  of  micron aclena;  left  b1 

II.  Second  dlrlalon  of  mlcronuclet 
■pindlra  18,3,  t;  "-  " 

III.  Degener 
into  male  Tim,  B ,.    . 

IT.  Eich&nge  of  male  splndleB  nearl;  complet-    

puent  nnlmal,  the  other  untied  with  the  female  aplndle.  In 
maCTonncleaH  broken  a  p. 

T.  The  clenTsge  spindle  1  formed  br  male  uia  female  splndlea  dlvldiUK  Into  the 
aeeoDderv  cleavage  aptndleii  f,  I". 

VI,  Til.  End  of  oonjagatlon.  The  second ur  cleavage  aplndle  dividing  into  the 
■nlmffe  of  the  new  mlcronuGleas  {nk^i,  and  that  of  the  new  macronup.lenfL  ot 
<placentA).    The  fr»gmenta  of  the  old  maoronacleua  begin  to  degenerate. 

have  been  used,  P. 

rt  In  the  siistence< 


male  nucletis,  the  deeper,  the  stationary  or  female  nucleuB.     The 
male  nuclei  of  the  two  copulating  animals  are  exchanged,  travers- 
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ing  the  protoplasmic  bridge  in  their  coarse.  Both  male  and 
female  nnclei  beoome  spindle-shaped,  and  the  immigrant  male 
spindle  fuses  with  the  female  spindle,  forming  a  single  spindle  of 
division.  At  last  the  division  spindle  produces  (usually  by  indi- 
rect means)  two  nuclei,  one  of  which  becomes  the  new  macronu- 
cleua,  the  other  the  new  microoucleus. 

In  a  comparison  of  the  fertilization  of  the  Metazoa,  the  female 
nucleus  corresponds  to  the  egg  nucleus,  the  male  nucleus  to  that 
of  the  spermatozoa.,  As  the  fusion  of  egg  and  sperm  nuclei  forms 
a  segmentation  nucleus,  so  here  the  division  nucleus  is  formed  in 
a  similar  manner.  As  the  egg  cell  tlirough  fertilization  acquires 
the  capacity  not  only  to  produce  sex  cells  but  somatic  cells — cells 
which  carry  on  the  common  functions  of  the  body — the  fertilized 
micronucleuB  forms  not  only  the  new  micronucleus,  but  also  the 
macronucleus  which  controls  the  body  processes,  and  hence  is  tlie 
somatic  nucleus.  In  other  words,  fertilization  in  the  Ciliates 
leads  to  a  complete  new  formation  of  the  nucleus  and  thus  to  a 
new  organization  of  the  organism. 

In  most  Ciliata  the  conjugating  individuals  are  equivalent, 
the  fertilization  is  mutual,  and  the  individuals  separate  later.  In 
the  Peritricha  (mostly  sessile  forms,  fig.  147),  on  the  contrary,  the 


Fia.  W.—BpiitvVi ' 
gsMon     r.  mlo 

resemblance  to  fertilization  in  the  Metazoa  is  strengthened  in  that 
there  is  a  sesual  differentiation  and  a  permanent  fusion  of  the 
conjugating  individuals.  Some  animals — the  macrospores — retain 
their  size  and  sessile  habits;    others  by  rapid  division  produce 
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groups  of  markedly  smaller  microBpores.  The  latter  separate  and 
fuse  completely  with  the  macrouporea,  only  a  small  cuticular  sac 
persisting  to  indicate  the  fusion.  The  nuclear  phenomena  are 
much  the  same  as  with  Paramacium,  allowance  being  made  for 
the  permanauce  of  the  fusion. 

Ordttrl.  Holotrlclu. 
Tho  Holotrichs  are  doabtless  the  most  primitive  Ciliates,  since 
the  cilia  on  all  parts  of  the  body  are  similar;  being  at  most  slightly 
stronger  at  one  end  of  the  body  or  on  the  inside  of  the  cytostom$. 
Best  known  are  the  species  of  Paramacium  *  (fig.  144)  occurring 
in  stagnant  water.  Opalina  rananim  *  lives  in  the  intestine  of  the 
frog.  It  lacks  month,  has  numerous  similar  nuclei,  no  micromi- 
cleuB  and  no  qpnjag^tion.  The  small  encysted  Opalina  pass  ont 
with  the~laeces,  and  are  eaten  by  the  tadpoles,  which  thu^  become 
infected. 

Oid«in.  Het«rotriclia. 

Like  the  Holotricha  the  Heterotricha 
are  everywhere  ciliated,  but  they  have  a 
tract  of  stronger  cilia,  the  adoral  ciliated 
spiral.  This  is  a  band  of  cilia  beginning 
at  some  distance  from  the  cytostome  and 
leading  in  a  spiral  course  into  the  mouth. 
It  consists  of  rows  of  cilia  united  into 
'  membranellie '  placed  at  right  angles  to" 
the  course  of  the  spiral.  In  the  best- 
known  hetero  trie  bans,  the  Slentors*  (fig. 
148),  the  peristomiai  area,  surrounded  by 


,  Via.  Its.  f'O.  149. 

FiQ.  148,— Mrutor  pitltTnorphut.    (After  Stein.)    o,  perlBtoml»l  mrea:  h.  roof  of  hypo- 
Htonie:  0,  contractile  vacuole:  >>.  nucleus:  o,  cytoatome;  r,  ftdoral  ciluted  spinl; 
_    (.  hypoaMme  (excavation  for  month). 
Fio.  UU.-llala,itiaium  c-Il.    (After  Leuckart.) 


the  spiral,  fonnB  the  broader  end  of  the  body,  which  gradutUly 
tapers  toward  the  other  end,  by  which  the  animal  may  attach 
itself  by  nmall  plasma  threads.  Muscle  fibres  which  run  length- 
wise immediateiy  under  the  cuticle  produce  energetic  move- 
mente.  Stenior  polymorphus  *  when  attaciied  builds  a  gelatinous 
case,  S.  cmruleus.*  Balantidium  coli  (fig.  149)  appears  in  the 
large  intestine  of  men  ill  with  diarrbcea;  it  also  occurs  in  swine 
without  causing  sidcuess.  Other  parasites  of  man  are  B.  mitiu- 
ium  and  Nyctotherus  faba. 

Order  m.  Peritricba. 
la  the  Peritricha  there  is  always  a  broad  peristome  area  with 
the  oytostome;  the  opposite  end  has  a  corresponding  pedal  disc 
or  is  narrowed  like  a  goblet  and  ends  in  a  stalk  (fig.  150).     Only 


Fra.  isa— Cfl'W'M/un  polvpfnun.  < After  BfltBch II.)  Lett,  a  single  &ntmal:  richt,  thrra 
■Imges  of  dlvlaioD.  n,  contractile  vacuole:  i'.  macron urlcus:  n'.  mioronnrleus: 
Hv,  food  vacuoles:  m,  crtflpharynx;  per,  perlatome:  ui.  reservoir  of  contrHcille 
vacuole:  ii"'.  undulating  membrane  ;  vit,  Testlbnle;  ick,  ring  on  which  a.  posterior 
circle  of  cilia  may  develop. 

the  adoral  ciliated  spiral  is  constant.  It  arises  from  the  swollen 
margin  of  the  peristomial  area,  and  continues  on  the  'operculum,' 
a  ciliated  disc  which  projects  free  from  tlie  peristomial  area,  but 
in  contraction  is  drawn  close  against  it,  the  peristome  lips  folding 
over  all.  Besides,  there  may  be  a  temporary  or  permanent  circle 
of  cilia  near  the  hinder  end.  The  nucleus  is  usually  sausage- 
shaped,  much  bent,  and  with  the  small  micronucleus  in  its  hinder 
angle  (fig.  150,  «'). 

The  beat  known  representatives  are  the  Vort[celi,idjB  (flgs.  147.  150). 
atlRcheil  by  a  long  stalk  wliicli  is  usually  hollow  and  contains  n  eliglitly 
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Bpirat  muscle.  This  extends  into  tlie  body  and  dirides  up  into  floe  flbrillse 
which  extend  nnder  the  cuticle  to  the  peristome.  Wlien  the  muscle  in  the 
stalk  contracts  it  becomes  coiled  into  a  corkscrew  spirnl,  drairiiig  back  the 
nniinal,  and  folding  in  tlie  anterior  end.  Vorticella  *  is  solitary;  Carehe- 
iium  *  forms  colonies  wilh  dichotomously  branched  stalks;  Zoothamnion,* 
colonies  imbedded  in  a  common  jelly  ;  Eputylis  *  (flg,  147).  branched  col- 
onies with  rigid  stalks,  the  muscle  being  confined  to  the  base  of  the  body. 

Older  IT.  Hypotricha.         '^ 
In  this  order  the  bodj  is  more  or  leas  flattened  and  &  veDtral 
and  a  we&kly  arched  dorsal  surface  are  difleretitiated.      The  back 
lacks  cilia,  bat  often  bears  spines  and  tactile  bristles.    On  the  ven- 
tral side  are  several  longitudinal  rows  of  cUia,  and  besides  straight 


Fio.  151.  FiQ  we. 

FiQ.  IBl.-S/Kfonwrliio  myltlus.    (After  eteln.)    n.  anal  hooks:  b.  ventral  hooks:  c,  con- 

tractile  vacuole:  d,  frontal  rldKa:  g.  canal  leading  W  contractile  vacuole;  L  upper 

lip:  n,  nacleOBwIttimicronucreas:  r'.adoral  ciliated  spiral:  Mnarslnal  l^nia;  t, 

caudal  cilia:  •!.  frontal  splneB:  i.  anuB  (cytupvee). 
Fio.  ISt-DlvtuloD  ot  Mi,.iijii,cl>ia  niul'i"".   'After  Stein  )    ■:,  c'.  contractile  vacnoleaof 

the  two  [ndlvfduals;  n,  »',  nDclena  and  micronurlaus:  p.  p',  adoral  ciliated  spiral; 

r,  T*.  marelnal  cilia;  tc,  id',  ciliated  rldsea. 

spines  and  hooked  cilia  composed  of  united  cilia.  These  latter  are 
of  use  in  creeping.  The  strongly  developed  adoral  cilia  are  of  iiEe 
in  locomotioD  and  in  producing  vortices  which  bring  food.  The 
macronucleus  is  often  divided  into  two  oval  bodies  connected  by  !i 
thread;  the  micronuclei  vary  in  number  from  2  to  4  in  the  same 


species.     These  are  the  best  forms  for  studying  the  micronucleL 
The  species  of  Stylonychia*  (figs.  151,  152)  are  best  known. 

Ord«rV.  Siictoria  (AcioetATia).  ' 

The  Snctoria  differ  from  other  Infusoria  in  the  absence  of  cilia 
from  the  adult  and  consequently  haro  no  means  of  locomotion. 
They  are  fixed  to  some  support  cither  by  the  base  or  by  a  slender 
stalk.  The  body  is  usually  spherical  and  is  covered  with  a  cuticle, 
which  in  the  genus  Acineta  ia  produced  into  a  cup-like  lorica. 
There  is  no  mouth,  but  in  its  place  tentacles  or  sucking  feet,  very 
fine  tubes  with  contractile  walla  which  begin  in  the  protoplasm  and 
protrude  through  the  cuticle  (fig.  153,  F),  The  Acinetaria  kill 
other  animals,  especially  infusoria,  with  their  tentacles,  and  then 


ria.  ISa.— Furms  of  Buctoria.    (After  varioas  writai 

C,  OphTynatndron;  D,  Tokophij/a:  E.  cllUted  young  oi  i 

Btrnctnre  showlntc  capitate  and  stylEforin  CetitacleB  ariaiuK  irum  luh  wwsbiu 

and  correBpondiiig  oanala  in  the  ento^rc. 

suck  the  substance  through  these  tubes.  The  contractile  vacuole, 
rarely  lacking,  lies  near  the  compact  macronucleus;  micronuclei 
are  generally  present. 

In  contrast  to  the  immobile  adults  the  young  which  are  ciliated 
(fig.  153,  E)  after  the  pattern  of  ciliates,  are  good  swimmers. 
They  arise  either  as  buds  from  the  surface  of  the  mother  or  as 
'  embryos '  in  her  interior.  This  latter  condition  is  only  a  modifi- 
cation of  the  other,  for  parts  of  the  outer  surface  become  pushed 
into  the  interior,  and  there  form  a  brood  cavity  in  which  the 
embryos  arise.  After  swimming  for  a  while  the  young  come  to 
rest,  lose  the  cilia,  and  develop  the  tentacles. 

Some  species  of  Podophrya  are  widely  distributed  in  fresh  water,  also 
Sphcerophrya,  parasitic  in  Infusoria.  The  species  of  Aciwta  as  well  as 
Podophrya  gemmipara  {flg.  80)  are  marine,  living  on  hydrolds  and  Polj- 
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Class  IV.    SpoTozoa. 


Under  the  name  Sporozoa  are  UDited  Beveral  groups  of  Protozos 
vhich,  while  thej  differ  mnch  ic  etnicture,  have  much  in  common 
in  life  and  development.  They  are  parasites  in  Metazoa,  many  of 
them  in  the  cells  themselvea,  causing  their  degeneration  (Cytoepo- 
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lu,  ftlleged  caow  ot  cancer  (a 
ridfe).  They  take  no  eolid  food,  but  are  nourished  by  fluid  mate- 
rial absorbed  through  the  whole  surface.  In  reproduction  they 
form  a  large  number  of  '  gporoblasts,'  which  when  enveloped  with 
a  membrane  are  called  '  spores,'  the  contents  of  which  usually 
break  up  into  several  small  bodies  or  'sporozoites.'  The  sporozo- 
ites  for  their  development  must  leave  the  host.  The  resemblances 
to  the  Rhizopods  (Mycetozoa)  are  unmistakable,  especially  those 
Sporozoa  which  have  pseudopodia  for  much  of  their  life. 

Order  I.  Oregariiu. 

The  typical  and  longest  known  sporozoa  are  the  Gregarinea, 
parasites  of  oval  or  thread-like  form  (recalling  round  worms), 
Ui!ua)ly  somewhat  flattened,  which  so  far  have  only  been  found  in 
invertebrates,  where  they  live  in  the  intestine  or  gon^s,  more 
rarely  in  the  body  cavity.  The  protoplasm  (fig,  155,  J)  is  sepa- 
rated more  sharply  than  in  other  Protozoa  into  a  clear  eetosarc 
(cA)  and  a  granular  entosarc  {en).  The  eetosarc  is  covered  by 
a  cuticle  (not  always  easily  seen,  but  frequently  with  a  double  con- 
tour) (fu),  which  must  be  permeable  by  fluid  food,  for  no  cyto- 
stome  exists.  In  many  (perhaps  all)  there  is  a  double  striping 
of  the  body,  a  longitudinal  recognizable  by  furrows  on  the  outer 
surface  and  hence  cuticular,  and  a  transverse  marking  in  the 
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ectoEarc,  produced  by  circular  or  spiral  muBcle  fibrillie.  These 
muacies  esplain  the  peristaltic  motion  and  the  occasional  sharp 
bending  of  the  body,  but  not  the  peculiar  gliding  motion  like  that 
of  diatoms  by  which  locomotion  is  usually  effected.     This  is 


FlO.  155.— Dsvelopment  of  Oregarina  blalta.  - , ,_„ , .,-.,—  — 

tranaformatlon  [nto  pfleadonftTlcellffii  III,  A,  a  pBaudonkvicellk  gmatlr  enlarged^ 
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explained  by  the  view  that  the  gregarines  secrete  stiff  gelatinous 
threads  from  the  posterior  end,  and  the  elongation  of  these  forces 
the  body  forward. 

In  many  gregarines  (Polycystidee)  the  body  is  divided  by  a  cir- 
cular incision  into  a  smaller  anterior  part,  the  protomerite,  and  a 
larger  dentomerite.  Internally  this  division  is  marked  by  a  bridge 
of  ectogarc  across  the  entosarc.  The  vesicular  nucleus  (there  is 
but  one  in  any  gregarinc)  lies  iu  the  dentomerite.  An  epimerite — 
a  structure  connected  witli  the  peculiar  type  of  parasitism — occurs 
in  many  species.  All  gregarines  are  parasitic  in  youth  inside  of 
cells.  They  later  leave  these,  but  many  remain  for  a  long  time 
with  a  process  of  the  protomerite  imbedded  in  the  cells.  This 
process — the  epimerite — is  provided  with    threads  or   hooks  for 
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anchorage,  and  is  lost  when  the  animal  gives  up  its  connexion 
with  the  host  cell.  Among  the  intestinal  gregarines  frequently 
occur  *  associations  ^  where  two  or  more  animals  are  fastened  to- 
gether head  to  tail  in  a  row.  Perhaps  these  associations  are  prep- 
arations for  conjugation  which  occurs  in  development. 

Reproduction  occurs  exclusively  in  an  encysted  condition  (fig. 
155,  II,  A ).  Usually  two  animals  (sometimes  one,  rarely  more  than 
two)  occur  in  a  cyst.  A  fusion  of  the  two  encysted  animals  does 
not  take  place,  but  it  is  probable  that  a  nuclear  exchange  (recalling 
that  of  ciliates)  takes  place.  After  each  individual  has  become 
polynucleatc  by  division  of  its  nucleus,  it  divides  at  first  super- 
ficially, later  internally  into  small  particles,  the  sporoblasts  (II,  J9), 
which  change  into  spores,  here  called  pseudonavicella3.  The 
pseudonavicellsa  are  mononucleate  bodies  with  firm  membrane  and 
usually  spindle  form  in  shape  (III,  A  A).  In  these  processes  a 
part  of  the  gregarine  takes  no  part.  This  residual  body  appears 
under  proper  conditions  to  swell  up  and  rupture  the  cyst,  thus 
freeing  the  pseudonavicellsB.  In  many  gregarines  there  are  sporo- 
ducts  for  the  escape  of  the  pseudonavicellaa  (fig.  154,  A).  The 
contents  of  the  pseudonavicellsB  divides  into  (usually  eight)  sporo- 
zoites  or  falciform  spores  which  must  pass  out  from  the  spores  and 
into  the  cells  of  the  host  in  order  to  form  gregarines.  This  escape 
of  the  sporozoites  depends  upon  entrance  into  the  proper  host. 
Often  the  transformation  of  the  contents  of  the  cysts  into  pseudo- 
navicellse  takes  place  when  the  cysts  have  left  the  original  host. 

Best  known  nre  the  Monocystia  tenax  of  thespermatheca  of  earthworms, 
and  Oregarina  {Clepsitlrina)  Uattarum  of  the  cockroach.  The  American 
species  have  scarcely  been  touched.  One  species  is  abundant  in  the  intes- 
tine of  Qeophiliuf. 

Order  11.  Coccidue. 
The  gregarines  of  all  Sporozoa  are  nearest  the  Coccidiae,  which 
are  also  cell  parasites  with  a  single  nucleus,  but  without  either  cell 
membrane  or  division  into  protpmerite-and  deutomerite.  In  most 
species,  as  in  Coccidium  cnniculi,  there  are  two  types  of  reproduc- 
tion, an  endogenous,  leading  to  '  autoinfection/  and  an  exogenous, 
concerned  in  the  transfer  of  the  germs  to  other  hosts.  In  the 
first  (lacking  in  many  species)  the  Coccidium  divides  into  many 
falciform  germs  which  separate  from  each  other  and,  without 
alternation  of  hosts,  enter  other  cells.  The  second  type  is  begun 
by  fertilization.  Certain  individuals,  by  rapid  division  form 
microgametes,  small  bodies  swimming  with  serpentine  motions  or 
by  one  or  two  flagella.     Other  individuals  do  not  divide,  but  form 
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macrogametes  which  are  fertilized  by  the  microgametes,  and  then 
cncyet,  pasB  to  the  outBldc,  and  eerve  for  the  infection  of  other 
animalB.  The  contents  of  the  cyst  begin  to  divide,  sooner  or 
later,  into  eporoblastB  (in  Coccidium,  four)  contaiuiug  spores,  the 


Tio.  lM.-Om-.l/«m  runlculi,  fmm  the  liver  at  the  rabbit  (from  Wa»lelewsk!.  a.  h, 
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process  being  completed  only  after  entrance  into  a  new  host. 
Each  spore  forms  one  or  more  sporozoites,  a  portion  of  the  sub- 
stance being  loft  behind.  Coccidium  cuniculi  (oviforme)  in  the 
liver  of  mammals,  especially  rabbits  {rare  in  man),  producing 
cheesy  granules.  0.  yevforans  in  the  intestine  of  rabbits,  rare  in 
man. 

Order  in.  Hsmoiporlda. 
In  structure  and  development  these  are  much  like  the  Coccidiae; 
they  live  in  blood  corpuscles.  The  forms  occurring  in  man  jtro- 
diice  malaria.  Here,  also,  there  are  endogenous  (autoinfecting) 
and  exogenous  generations  transferring  the  parasites  to  otlier 
hosts.     The  parasites  in  the  corpuscles  (fig.  157,  a  to  d)  grow  and 
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divide,  producing  'daisy-like  forms'  characterized  by  little  accu- 
mulations of  pigment  derived  from  the  haemoglobin  of  the  blood. 
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These  division  products  are  set  free  by  a  breaking  down  of  the 
corpuscle  (period  of  chill)  and  infect  other  corpuscles.  Thus 
autoinfcction  can  continue  until  at  length  sexual  forms  appear — 
*  spheres '  or  macrogametes,  flagellate  microgametes — incapable  of 
infecting  the  corpuscles.  The  conjugation  of  these  seems  to  take 
place  when  they  are  taken  into  the  stomach  of  a  blood-sucking 
mosquito.  After  fertilization,  the  ooaphere  wanders  into  the 
intestinal  wall  of  the  mosquito,  grows  larger,  encysts,  and  produces 
many  sporoblasts,  which  in  time  form  many  sporozoites.  These 
migrate  into  the  salivary  glands  of  the  mosquito  and  thence  are 
transferred  to  man  with  the  sting  of  these  insects.  Since  a  tem- 
perature above  20*^  C.  (68°  P.)  is  best  for  the  development  of  the 
stages  in  the  mosquito,  and  since  mosquitos  need  water  for  their 
development,  the  prevalence  of  the  disease  in  moist,  warm  regions 
is  casOy  understood.  For  the  transfer  of  human  malaria  not  all 
mosquitos  will  serve,  but  apparently  only  those  of  the  genus 
Anopheles.  The  species  of  Culex  convey  bird  malaria.  The  differ- 
ent kinds  of  malaria  seem  to  be  produced  by  different  parasites. 

Order  IV.  Hyzosporida. 

The  Myxosporida  (fig.  158)  are  mostly  large  (sometimes  visible 
to  the  naked  eye)  and  occur  especially 
in  fish  and  arthropods.     When  they  occur 
in  hollow  organs  they  are  naked  and  have 
pseudopodia,  but  in  parenchymatous  or- 
gans like  the  heart,  liver,  brain,  kidney, 
etc.,  they  are  usually  enclosed  in  a  mem- 
brane, and  here  they  produce  the  great- 
est injury.     At  first  binucleate,  they  soon 
become  polynucleate,  and  it  would  appear 
that  they  can  reproduce  by  fission.     Even 
before  the  growth  is  ended  they  begin  f,o.  m-MyxoaporidV 
the  process  of  sponilation.     In  the  in-     '^'^tX^'ZT^^^u.fol^ 
tenor  single  spherical  protoplasmic  bodies     '<'*^"*  '*>o«?'f*»*/mi;  A:,  degen- 


separate,    these   having   at    first   a    single      formerly  regarded  as  a   nu- 
-  ,  7*  °  cleus;    p,    cnidociHike    pole 

nucleus,  later  more  (as  many  as  ten),  body,  in  s  with  exserted 
From  each  of  these  bodies  arise  from  two 

to  many  spores,  the  so-called  psorosperms.  These  (fig.  158,  3)  are 
enclosed  in  a  bivalve  shell  which  includes,  besides  a  binucleate 
germ,  one,  two,  or  four  polar  capsules,  these  resembling  somewhat 
the  nettle  organs  of  the  coelenterates.  They  are  oval  and  contain 
threads  which,  under  certain  conditions,  are  protruded  (fig.  158,  2) 


and  eerre  to  fix  the  capsule,  wliile  the  amoeboid  germ  creeps  ont 
and  penetrstea  the  tissues  of  the  host.  Experimeat  shows  that 
fiahea  are  infected  through  the  alimentary  caual. 

Tbe  Myxosporida  freqaeatlj  cause  serious  epidemics  in  Bsii.  This  was 
noticeably  the  case  with  the  fish  in  tbe  aquaria  at  tbe  Chicago  eipositioo. 
Myxf^lug,  Myxidium.  luTcrtebrales  may  also  be  infected,  tlie  celebrated 
pibrine  of  the  silkworm  beJug  caused  by  Nosema  (Olugea)  bombycis. 

Order  V.  Sarcosporida. 

The  SarcoEporida  (fig.   159) — also  called 

Baiuey's  or   Miescher's  corpuscles — occur  in 

'       the  voluntary  muscles  of  vertebrates, especially 

mammals.     They  are  oval  cysts  lying  in  sar- 

colemma  sacs  between  the  fibrills.    They  hare 

a  cyst,  the  wall  of  which  is  radially  striped, 

and   inside   this,    in  the  ripe  condition,  are 

spores,  imbedded  in  a  stroma,  each  spore  con- 

f      taiuing  numerous  reniform  or  falciform  sporo- 

zoites.    Sarcocysiis  miencJieriana  in  muscles  of 

pig;  S.  mvris  in  the  mouse;  S.  Undemanni 

rare  in  human  muscle. 

Snmmaiy  of  Important  Facts. 
1.  The  Protozoa  are  unicellular  organisms 
Flo.  IW.  —  Sarmesttu      without  true  organs  or  true  tissues. 
d'/^''ragra"'of  ^pi"  2.   All  vital  processes  are  accomplished  bv 

ct8t?'^?'^hlrlfl  q'i     t'»e  protoplasm  (aarcode),  digestion  directly 
^po'e"'  by  its  substance,  locomotion  and  the  taking 

of  food  by  means  of  protoplasmic  processes  (pseudopodia)  or  by 
appendages  (cilia  and  fiagella). 

3.  Excretion  takes  place  by  special  accumulations  of  fluid,  the 
contractile  vacuoles. 

4.  Reproduction  is  by  budding  or  by  fission.  Conjugation  has 
been  witnessed  in  many,  and  possibly  occurs  in  all.  True  con- 
jugation is  n  process  of  fertilization  (caryogamy),  in  contrast  to 
fusion  of  plasma  ( pi asmogamy). 

5.  Protozoa  are  aquatic,  a  few  living  in  moist  earth;  they  can 
only  exist  in  dry  air  in  the  encysted  condition,  surrounded  by  a 
capsule  which  prevents  desiccation. 

C.  Since  encysted  Protozoa  are  easily  carried  by  the  wind,  the 
occurrence  of  these  animals  in  water  which  originally  contained 
none  is  easily  explained. 

7.  The  mode  of  locomotion  senea  as  the  basis  for  division  of 
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the  Protozoa  into  the  classes  Bhizopoda,  Flagellata,  Ciliata,  and 
Sporozoa. 

8.  The  Rhizopoda  have  changeable  protoplasmic  processes, 
the  pseudopodia. 

9.  The  Rhizopoda  are  subdivided  into  Monera,  Lobosa,  Helio- 
zoa,  Badiolaria,  Foraminifera,  and  Myeetozoa. 

10.  The  Lobosa  and  Monera  have  no  definite  shape.  The 
Lobosa  have  a  nucleus,  the  Monera  are  anucleate. 

11.  Heliozoa  and  Radiolaria  are  spherical  and  have  fine  radiat- 
ing pseudopodia  and  frequently  silicious  skeletons.  They  are  dis- 
tinguished by  the  occurrence  of  a  central  capsule  in  the  Radiolaria 
which  is  lacking  in  the  Heliozoa. 

12.  The  Thalamophora  (Foraminifera)  have  a  shell,  closed  at 
one  end,  at  the  other  with  opening  for  the  extension  of  pseudopodia. 
The  shell  is  chitinons  or  calcareous,  one  or  several  chambered, 
straight  or  spiral,  sometimes  with  close  walls,  sometimes  perforated 
with  pores;  the  pseudopodia  are  occasionally  lobular,  but  usually 
filiform,  branching  and  anastomosing. 

13.  The  Foraminifera  are  of  great  geological  importance  on 
account  of  their  numbers  and  their  shells,  which  have  built  and 
are  still  building  extensive  beds  of  rock  (chalk,  nummulitic  lime- 
stone).   The  silicious  skeletons  of  the  Radiolaria  are  less  important. 

14.  Myeetozoa  (Myxomycetes  of  botanists)  are  mostly  enormous 
AmoBbaB  with  branched  reticulate  protoplasm  (plasmodium).  They 
form  complex  repioductive  structures  (sporangia,  etc.),  recalling 
those  of  the  fungi. 

15.  Flaoellata  have  one  or  a  few  long  vibratile  processes— 
flagella — ^which  serve  for  locomotion  and  for  the  taking  of  food. 

16.  The  Autoflagellata  have  only  flagella;  they  feed  like  plants 
(Volvocina)  by  means  of  chlorophyl,  or  have  a  mouth  for  the  tak- 
ing of  food,  or  a  collar  (Choanoflagellata). 

17.  The  Dinofiagellata  have  two  kinds  of  flagella  and  usually 
an  armor  of  cellulose. 

18.  The  Cyatoflagellata  have  a  gelatinous  body  enclosed  in  a 
firm  membrane  (Noctiluca). 

19.  The  CiLiATA  (Infusoria  in  the  narrower  sense)  have 
numerous  slender  vibrating  processes,  the  cilia,  a  cuticle,  and  hence 
fixed  openings  for  the  ingestion  of  food  (cytostome)  and  for  extru- 
sion of  indigestible  matter  (cytopyge). 

21.  Of  great  interest  is  the  occurrence  of  two  kinds  of  nuclei, 
a  functional  nucleus  (macronucleus)  and  a  sexual  nucleus  (micro- 
nucleus,  paranucleus). 
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22.  In  conjugation  portions  of  the  micronucleus  are  excliangeJ 
and  accomplish  impregnation.  The  macrouucleus  degenerates  and 
is  replaced  by  part  of  the  fecundated  niicrouudeuB. 

22.  The  cloesification  of  the  Ciliata  is  based  on  the  structure 
and  arrangement  of  the  cilia. 

)J3.  Tho  JJolotricha  have  similar  cilia  over  the  whole  body. 
The  Heterotricha  have  besides  the  total  ciliation  stronger  cilia  in 
the  neighborhood  of  the  mouth  (adoral  ciliary  spiral).  The  Peri- 
tricha  have  only  adoral  ciliation.  The  Hypotricha  have,  on  the 
ventral  surface,  the  ciliary  spiral  and  rows  of  cilia  and  coalesced 
cilia.  The  Suctoria  have  cilia  only  in  the  young,  later  they 
become  attached  and  feed  through  suctorial  tentacles. 

24.  SpoKOZOa  are  parasitic  Protozoa,  usually  without  organs 
of  locomotion  or  mouth.  They  take  no  solid  food,  but  live  by 
osmosis  on  tissue  fluids.  In  reproduction  the  encysted  animals 
produce  spores  (apparently  always  beginning  with  fecundation  and 
accompanied  by  a  change  of  host).  Tho  spores  divide  again  into 
sporozoites.  Besides,  multiplication  without  change  of  host  (auto- 
infection)  can  occur, 

25.  The  (jregariniila  are  temporary  or  permanent  parasites  in 
colls.  (Spores  =  pscudonavicellEe,  sporozoite  =  falciform  embryo). 
VoeciditB,  HmmospoHda  (cause  of  malaria,  parasitic  in  blood 
corpnscles). 

26.  The  Harcosporida  (Kainey's  or  Miescher's  corpuscles  of 
mammalian  muscles)  and  Myxosporiiln  (psorosperm  capsules  of 
fishes,  psorosperm  =  spore)  live  in  tissues  or  hollow  organs. 

APPENDIX. 

According  to  the  evolution  theory  one  slioiild  expect  forms  betireen  (he 
Protozoa  and  Melazoa.  The  Catallacta — spheres  of  ciliated  cells  which  in 
reproduction  break  up  into  single  cells—have   been  described  as  such. 


T\a.  leO.—Section  of  half  of  Ti  idioplax  tidliat-eiiM.    (After  SchalH.) 

Peculiar  many-celled  animals  whose  position  in  the  systeni  is  difficult  to 
deoi<ie  are,  further,  Trichoplax  adharens,  Salinetla  salve,  the  Obtho- 
NECTiDA  and  tlie  Dictemida.  Trichoplax  (fig.  160)  is  discoid  and  consists 
of  two  epithelial-like  cell  liiyers  separated  by  gelatinous  tissue.  TheOrlho- 
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nectida  and  Dicyemida  have  a  many-celled  ectoderm,  enclosing  a  solid  mass 
of  cells  in  the  Orthonectida,  a  single  giant  cell  in  the  Dicyemida.  Soli' 
nella  consists  of  a  single  layer  of  cells  enclosing  a  central  digestive  space. 
Since  the  Dicyemida  live  as  parasites  in  the  nephridia  of  cephalopods,  the 
Orthonectida  m  worms  and  echinoderms,  it  is  possible  that  their  low  or- 
ganization is  the  result  of  degeneration. 


METAZOA. 

Excluding  the  Protozoa,  all  the  branches  of  the  animal  kingdom 
may  be  included  under  the  head  Metazoa,  i.e.  higher .  animals. 
The  point  of  union  is  that  they  consist  of  numerous  distinct  cells, 
and  that  these  cells  are  arranged  in  several  layers.  At  least  two 
layers  are  present,  a  layer — the  ectoderm — ^which  bounds  the  body 
externally,  and  a  second,  lining  the  digestive  tract — ^the  entoderm. 
Between  these  two  a  third  layer  can  occur,  which  frequently  is 
separated  by  a  body  cavity  into  an  outer  or  somatic  layer  forming 
part  of  the  body  wall,  and  an  inner  or  splanchnic  layer  forming 
part  of  the  intestinal  wall.  This  middle  layer  is  called  mesoderm 
no  matter  whether  there  be  a  body  cavity  or  not. 

The  multicellular  condition  allows  a  higher  development  of  the 
organization,  which  appears  in  varying  grades  in  the  specialization 
of  tissues  and  organs.  In  no  metazoan  is  there  lacking  a  true  sexual 
reproduction,  that  is  one  by  sexual  cells,  but  the  fact  must  not  be 
overlooked  that  many  species  reproduce  (possibly  exclusively)  by 
unfertilized  eggs  in  a  pailihenogenetic  manner.  Besides  the  sexual 
reproduction  many  species,  especially  the  lower  worms  and  ccelen- 
terates,  reproduce  by  budding  and  fission. 

For  all  the  Metazoa  the  segmentation  of  the  egg  is  characteristic 
to  a  high  degree.  The  fecundated  egg  divides  into  numerous 
cells  which,  as  segmentation  cells  (blastomeres),  remain  united  and 
form  the  germ.  Slo  Protozoan  has  a  true  segmentation.  Division 
there  produces  new  individuals  which  either  separate  completely  or 
exceptionally  remain  in  slight  connexion  as  a  colony. 

PHYLUM  II.  PORIFERA  (SPONGIDA). 

The  Porifera,  or  sponges,  the  most  familiar  representative  of 
which  is  the  bath  sponge  {Euspongia  officinalis)^  are,  with  few 
exceptions,  marine.  In  fresh  water  occur  but  a  few  species  of 
Spongilla  (recently  subdivided  into  several  subgenera).  The  ani- 
mals have  no  powers  of  locomotion,  but  are  attached  to  stones  or 
plants,  along  the  shores  or  at  depths  up  to  6000  metres  (4000 
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fathoms).  They  form  Bpherical  maseee,  thin  crusts,  small  cylinders, 
or  upright  branching  forms.  Frequently  the  shape  varies  so  that 
one  cannot  speak  of  a  typical  form.  It  was  also  difficult  to  decide 
about  the  animal  nature  of  the  spongeB.  Striking  movements  of 
the  body  are  rare;  only  by  aid  of  the  microscope  can  one  see 
motion — the  opening  and  closing  of  the  pores  and  the  streaming 
of  the  gastrovascnlar  system. 

The  simplest  sponges,  the  Ascons  (fig.  161),  are  thin-walled 
sacs,  fised  at  one  end,  and  with  an  opening,  the  oscnlum  (funo- 
tional  anus),  at  the  other.  The  cavity  of  the  sac,  the  '  stomach,'  is 
a  wide  digestive  cavity  into  which  water  bearing  food  obtains 
entrance  through  numerous  small  openings  or  pores  in  the  body 
wall.    The  basis  of  the  body  is  a  homogeneous  or  fibrous  connective 


Pre.  1«I.  Pm.  lOE. 

Fig.  Va.~Olynthut.    (After  Haeckel.)    (,  Bplcnleej  i.  eggB;  o,  oBcalum;  p,  poreB;  «. 

Pio.  laa— Section  of  wall  of  f^yc^ndra  mjAnnwi.  (After  Scliiilre.)  t,  ecloderm&l 
eplthellnni:  c.  collared  flaRellat«  cells:  ni.  meaoderm  "with  coQUective-tJesus 
cells;  o,  eggs;  at,  calcareona  spLcules. 

tissue  permeated  with  branching  cells  (fig.  16S)  covered  externally 
by  a  thin  layer  of  pavement  epithelium  vrhich  ia  easily  destroyed. 
This  epithelium  {earlier  called  ectoderm)  and  the  connective 
tissue  (mesoderm)  are  now  regarded  as  a  common  layer,  'meso- 
ectoderm,'  since  it  baa  been  shown  that  the  pavement  epithelium 
is  often  genetically  only  connective-tissue  cells  which  have  spread 
over  the  surface.  On  the  other  hand  there  is  a  distinctly  differen- 
tiated entoderm  in  the  shape  of  a  one-layered  flagellate  epithelium 
lining  the  stomach,  the  cells  of  which  («4i)  recall  the  Choanoflagellata 
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(p.  202),  Bince  they  have  collars  Burroanding  the  fl&gella.  It  has 
Uierflfore  been  attempted  to  regard  each  flagellate  cell  as  an  indi- 
vidmd,  and  the  whole  sponge  ae  a  colony  of  Flagellata,  a  view  which 
neglects  the  other  tissueB,  not  only  the  connectiTe  tissne  and  the 
epithelium  already  mentioned,  but  sex  cells,  amteboid  wandering 
cells,  and  contractile  fibre  cells  which  close  the  pores.  The  taking 
of  food  is  accomplished  by  the  collared  cellB. 

Sponges  of  this  simple  ascon  type  are  few.  As  a  mle  the 
sponges  are  more  massiTe  and  have  a  more  complicated  canal 
system  (figs.  164-166).  The  first  step  towards  complication  is 
seen  in  the  Sjcon  sponges  (fig.  163),  in  which  the  gsstral  cavity 


r— „3  (oHgl.    n,  iiinpiillB!  with  poreain  thMr  wnlln: 

:h  tho  opeulnes  ol  eicurruDl  canals ;  f,  incnrreaC  canalsi 

Flu.  IM— Section  ot  I-^rvoil  ii  pnlvinnr.     (After  Hneckel.)    o,  aboral  pole:  f,  eftarent 

consists  of  numeroas  radial  ontpnshings  (the  fiagellate  chambers 
or  ampnllie)  which  alone  contain  the  collared  cells,  while  the  cen- 
tral cavity,  now  called  cloaca,  is  here  lined  with  pavement  epi- 
thelium. By  increase  of  mesoderm  and  corresponding  thickening 
of  the  body  wall  the  ampuUee  become  separated  from  external  and 
cloacal  surfaces  by  the  ingrowth  of  tissue  (Leucon  type).  The 
smpulhe  nevertheless  retain  their  connexion  with  both  surfaces 
by  means  of  a  system  of  canals.  This  canal  system  Is  double ;  one 
pnrt  is  incurrcnt  and  leads  from  the  dermal  pores  to  the  ampullce; 


the  other  or  cscmrent  from  the  ampullas  to  the  cloaca,  the  two 
being  connected  by  the  ampnllie  alone.  Both  may  comiBt  of  lacanur 
spaces  (&g.  164),  or  have  a  more  regular  arrangement  (fig.  165), 


Fio.  1«5.— Section  of  oo 

c',  affereDtcana 

the  canals  from  the  pores  nnitiDg  in  tmnks  and  these  in  tarn 
hranching  to  go  to  the  ampallee.  The  excnrrent  canals  also  show 
a  similar  tree-like  arrangement.  Not  infrequently  extensire 
snbdermal  or  snbcloacal  spaces  occur.  The  relations  may  be  more 
complicated  by  the  development  of  several  cloaoe,  or  tlieae  may  be 
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Fio.  int.— Sarfoce  view  of  dermal  pores  of  .^plyifiu  aZnmhohia.    (AfMr  Scfaulic.) 

Fia.  l«7.—AKi;ta  acultra.    (After  Uaeckal.) 

repressed;  again  by  the  branching  of  the  sponge  (fig.  167),  while 
still  further  the  branches  may  anastomose  (fig.  168),  giving  rise  to 
a  network. 

Sponges  may  reproduce  asexually,  small  portions  separating  as 
buds  and  producing  new  animals.  Usually  sexual  reproduction 
prevails.  Sggs  and  spermatozoa  arise  from  mesoderm  cells  (fig. 
162),  are  fertilized  and  undergo  segmentation  at  the  point  of  origin, 
and  leave  the  parent  as  flagellate  larvse  (fig.  169,  A).     At  fixation 
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a  kind  of  gaBtrnlation  takes  place,  the  blastopore  (Gg.  1G9,  B) 
closes,  and  the  osculum,  an  entirely  new  formation,  arises  at  the 
opposite  pole. 


Fio.  IBS,  I-io.  i». 

Km.  \ta.—Jj-Mf*tla  Kta'lf-I"-    (After  H&eckel.l 

Fi8.  lOB.— DevelopmeiH  o(  »i«i....im  nipAonu*.    (After  Schuli'e  )    /(,  blaetuU;  fl,  gas 
trula  »t  the  moment  of  BiKtlon;  eC.  ectomesoderm;  m,  entoderm. 

The  sponges  are  frequenlly  regarded  aa  CcelenteratH,  bat  scarcely  a 
siogle  homologj  can  be  drawn  between  the  two.  The  ccelenterate  mouth 
is  different  from  either  pores  or  oscula.  Indeed  it  is  diapuied  whether  the 
collared  cells  are  entoderm.  Nearly  all  sponges  possess  a  skeleton  secreted 
by  special  mesoderm  cells,  and  this  skeleton  affords  the  means,  according 
as  it  is  composed  of  calcic  carbonate  or  of  silica,  of  dividing  the  sponges 
into  two  classes.  Besides,  there  are  two  groups,  the  Ceraospongite  and  the 
Myiospongiie,  in  which  the  skeleton  is  respectively  of  horny  substance  or 
spongin  or  is  lacking  entirety.  These,  however,  seem  to  be  descendants  of 
the  silicious  forms. 

Order  I.  Calciapongis. 
The  calc  sponges  are  esclnslvelj  marine  and  mostly  live  Iti  shal- 
low water.  They  are  grayish  or  white  in  color,  of  small  size, 
rarely  exceeding  an  inch  or  so  in  length.  The  skeletal  spicules 
which  arise  in  the  mesoderm  nsually  project  through  the  epithelium 
and  form,  especially  in  the  neighborhood  of  the  osculum,  silky 
crowns.  One-,  three-,  and  four-rayed  spicules  are  recognized,  these 
ground  forms  presenting  by  unequal  development  a  great  variety 
of  shapes  (fig.  170). 

Sub  Order  I.  ASCONES.  Sponges  with  thin  porose  walls  and  a  cen- 
tral '  stomach  '  (figs.  161,  167).     Leueosolenia* 

Sub  Order  II.  SYCONES.  A  cloaca  present  surrounded  by  ampulla 
radially  arrauged  (fig.  168).    Qrantia,'  8i/con,*  Sycandra.* 
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Sub  Order  III.  LEUCONES.  A  complicated  eystem  of  branching  in- 
current  and  eicurrent  canals  in  the  thick  walls  connects  the  ampulla 
with  the  outer  surface  and  the  cloacal  cavity  (figs.  1S4,  16S).  Leiieetta, 
Lewortia. 


Fin.  170.— Spon^  BplculeB.    (From  l^ng.) 

Older  n.  SUicUpoDgise. 
The  siliceons  spongos  are  richeBt  in  spectos  and  occtir  at  all 
depths  of  the  sea,  being  freqaently  noticeable  from  their  size  (up 
to  a  jard)  and  their  bright  colors.  They  are  subdivided  into 
Tnnxonia  and  Tctrasonia.  la  the  Triaxouia  the  spicales  com- 
posing the  skeleton — appearing  as  if  of  spun  glass  (hence 
Hyalospongia,  or  glass  sponges) — have  three  crossed  axes  (six 
threads  radiating  from  a  common  point) — hence  Hexactinellida. 
The  mesoderm  is  scanty  and  in  consequence  the  afferent  and 
elferent  canals  are  loose-meshod  lacunar  spaces  and  the  ampullie 
large  and  barrel-formed.  In  the  Tetraxonia,  on  the  other  hand, 
the  mesoderm  is  usually  abundant  and  the  canal  system  well 
developed.  The  four-axiul  spicules  of  the  Tetractinellida  must 
be  regarded  as  the  fundamental  skeletal  type.  From  this  are 
derived  the  compact  agglutinated  frameworks  of  the  Lithistidfe 
and  the  monaxial  spicules  of  the  Monactinellidie. 

Ill  bolh  groups  the  spicules  mny  be  anited  by  secondary  deposits  of 
silica  to  an  extensive  framework ;  or  the  union  is  effected  by  spongin, 
wiilcli,  if  the  spicules  disappear,  forms  the  whole  skeleton  (horny 
Rponges),  or,  as  in  slime- sponges,  the  whole  skeleton  may  be  lost. 

Sub  Order  I,  TRIAXONIA.  The  H ex acti\i:luii£  belonging  here  lire 
cliielly  in  the  deep  sen,  and  for  a  loni;  time  only  a  few  species  were  known  r 
EuplecleUa  aspergitlum,  Venus'  flower-basket,  tubular,  consisting  of  fine 
spicules.  HyalonefTia.  Apparently  the  homy  sponges  Aplysina  and 
Aplysilla,  as  well  aa  the  slime-sponges,  HalUarea,*  have  descended,  from 
thij  group. 

Sub  Order  II.  TETRAXONIA.  Typical  representatives  are  the  largely 
extinct  LrrHiSTin£  (of  which  some  genera — i>uoo(fem)ta— persist  in  deep 
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seas)  and  the  Tetragtinellid^  :  Qeodia.*    Near  here  apparently  belongs 
OscareUa,*  without  a  skeleton  (Myxospongia).     • 

In  the  MoNACTiNELUDJS  the  spicules  are  united  by  spongin  (Corna- 
cusix>ngia),  and  can  even  be  entirely  replaced  by  that  substance.  Numer- 
ous n:arine  forms,  among  them  C/ialina,*  and  also  the  fresh- water 
SPONGILLID.E  {SpongiUa,*  Ephydatia  *),  widely  distributed  as  encrusting 
masses  on  submerged  sticks  and  stones.  The  natural  color  is  light  gray, 
bat  they  are  usually  colored  green  by  AlgSB.  They  are  distinguished 
from  most  marine  relatives  by  the  formation  of  gemmulae  or  statoblasts. 
At  times  the  protoplasm  divides  into  round  bodies,  as  large  as  the  head  of 
a  pin  and  these  become  surrounded  by  a  firm  membrane  strengthened  in 
many  forms  by  collar- button-like  spicules,  the  amphidiscs.  These  stato- 
blasts  remain  entangled  in  the  skeleton  and  survive  times  of  freezing  or 
drought.  On  return  of  good  conditions  the  contents  escape  and  form 
small  Spongillce,  often  utilizing  the  old  skeleton.  This  process  recalls 
encystment  among  the  Protozoa. 

When  the  spicules  entirely  disappear  and  nothing  but  the  spongin 
fibres  remain  we  have  the  horny  sponges  or  Oeraospongi^.  The  skeleton 
consists  of  a  horny  substance,  spongin,  which  differs  chemically  from  the 
substances  of  true  horn — keratin.  This  spongin  is  always  laid  down  in 
long  fibres  by  peculiar  cells,  the  spongioblasts,  and  it  always  consists  of 
concentric  layers.     The  fibres  interlace,  branch,  and  unite  into  a  skeleton. 

The  best  known  horny  sponges  are  the  bath  sponges,  Euspongia 
officinalis*  occurring  in  the  Mediterranean,  West  Indies,  Florida,  and 
other  seas  in  many  varieties.  Best  of  all  are  the  Levant  sponges  (var. 
moUiitsima).  Sponges  of  commerce  consist  only  of  the  skeleton,  the  ani- 
mal parts  being  killed  and,  after  decay,  washed  away  with  fresh  water. 
Less  valuable  are  Euspongia  zimocca  and  Hippospofigia  equina^*  the 
horse-sponge,  while  the  Oacospongice  are  useless. 

Summary  of  Important  Facts. 

1.  The  sponge  body  is  largely  a  mass  of  connective  tissue  cov- 
ered externally  with  pavement  epithelium  (meso-ectoderm)  and 
penetrated  by  canals. 

2.  An  entoderm  of  collared  flagellate  cells  occurs  only  in  the 
ampulldB  or  flagellate  chambers  which  are  intercalated  between 
iucurrent  and  excurrent  canals  (in  ascons  in  the  central  cavity). 

3.  The  animals  receive  nourishment  through  fine  pores  in  the 
body  wall;  indigestible  bodies  are  cast  oUt  through  one  or  several 
oscula. 

4.  Since  neiTes,  muscles,  and  sense  organs  are  lacking  or  very 
weakly  developed,  the  animals  show  the  most  inconspicuous  move- 
ments. 

5.  Sponges  are  divided  into  Calcispongiae  and  Silicispongije 
according  to  the  character  of  the  skeleton. 
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PHYLUM  III.     CCELENTERATA   (CNIDARIA,    NEMATO- 

PIIORA). 

The  animals  belonging  to  the  ccelenterates  were  formerly  called 
Zoophyta  (plant-animals).  They  were  united  by  Cuvier  with  the 
Echinoderma  to  form  the  type  Radiata,  a  union  which  Leuckart,  the 
father  of  the  name  Coelenterata,  set  aside  because  a  special  intes- 
tine and  a  special  body  cavity  occur  in  the  Echinoderma,  while  in 
the  Coelenterata  there  is  but  a  single  system  of  cavities  in  the 
body.  Each  of  the  three  names  indicates  certain  important 
characters  of  the  group. 

(1)  The  name  Zoophyta  was  selected  with  regard  to  the  gen- 
eral appearance.  Most  coelenterates,  like  the  plants,  are  fixed 
and  form  bush-like  or  mossy  colonies  by  incomplete  budding.  This 
resemblance  is  but  superficial,  for  in  any  accurate  investigation 
there  cannot  be  the  slightest  doubt  of  the  animal  nature  of  any 
Coelcnteratc.  The  name  therefore  must  not  be  understood  to 
imply  that  these  are  doubtful  forms  which  stand  on  the  border 
between  plants  and  animals.  Besides,  there  are  not  only  fixed  but 
free-moving  forms  which  swim  in  the  water  with  great  ease. 

(2)  Most  Coelenterata  are. radially  symmetrical.  There  is  a 
main  body  axis  one  end  of  which  passes  through  the  mouth  and 
the  other  through  the  blind  end  of  the  digestive  tract,  and  the 
organs  of  the  body  are  radially  arranged  around  this  so  that  the 
body  may  be  divided  into  symmetrical  halves  by  numerous  planes. 
In  the  higher  Coelenterata  this  may  be  replaced  by  a  biradial 
symmetry  or  even  by  bilaterality  (Ctenophora,  many  Anthozoa). 

(3)  The  term  Coelenterata  is  given  these  animals  because  they 
contain  a  single  continuous  coelcnteron  or  gastro vascular  cavity. 
In  the  simplest  species  this  is  a  wide-mouthed  sac  into  which  food 
passes  for  digestion.  The  single  opening  into  it  serves  at  once  as 
mouth  and  anus;  the  sac  itself  is  the  alimentary  tract.  Frequently 
lateral  diverticula  or  branched  canals  are  given  off  from  the  central 
sac  which  distribute  the  nourishment  to  the  peripheral  parts  of  the 
body,  and  thus  functionally  replace  the  vascular  system  of  higher 
forms. 

Since  this  gastro  vascular  system  is  primarily  for  nourishment, 
it  is  an  error  to  call  it  a  body  cavity  and  to  say  that  the  coelenterates 
are  stomachless.  On  the  other  hand,  the  term  'coelenteron,'  that 
is  a  cavity  which  is  at  once  gastric  and  ccelomic  (p.  158),  is  perfectly 
defensible,  since  in  many  higher  animals  which  possess  a  true  body 
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cavity  this  is  seen  in  development  to  arise  as  diverticula  from 
the  primitive  stomach  (enteron).  Since  such  diverticula  occur  in 
coelenterates  without  becoming  independent^  one  can  say  that  the 
gastrovascular  system  consists  not  only  of  intestinal  portions  but, 
in  potentia^  of  the  coelom  as  well. 

To  even  a  superficial  observation  the  Coelenterata  are  more 
clearly  animals  than  are  the  sponges.  The  single  animals,  though 
often  united  in  colonies,  and  fixed  to  some  support,  are  capable  of 
quick  and  energetic  motion.  These  movements  are  most  striking 
in  the  tentacles — long  tactile  threads,  in  the  neighborhood  of  the 
mouth,  which  have  the  functions  of  feeling  for  food,  grasping  it, 
and  conveying  it  to  the  mouth.  The  means  of  killing  the  prey  are 
the  cnidae,  nematocysts,  or  nettle  cells  (fig.  171),  which  with  rare 
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Fio.  171.— Nettle  cells  of  Ccelenterata.    (After  Hertwig,  Lendenfeld,  and  Hamann.) 

exceptions  in  Protozoa,  Turbellaria,  and  molluscs  occur  in  no 
other  group.  These  structures,  of  great  systematic  importance; 
are  oval  vesicles  with  fluid  contents  and  firm  membrane.  Each  is 
drawn  out  at  one  end  into  a  long  tube,  so  delicate  as  to  appear  as 
a  thread  (hence  an  additional  name,  thread  cells).  This  thread  is 
sometimes  armed  throughout  its  length  with  retrorse  hooks,  or  it 
may  have  only  a  few  stronger  hooks  on  its  basal  portion,  which  is 
thicker  than  the  rest.  In  the  resting  stage  the  thread  is  spirally 
coiled  inside  the  cell.  On  stimulation  the  thread  is  quickly 
extended  ('explosion  of  cell')  and  produces  a  wound  into  which 
passes  the  irritating  fluid  contents.  Some  coelenterates  {e.g. 
Physalia)  can  produce  in  this  way  very  painful  nettling  even  in  man. 

The  nettle  capsule  arises  as  a  plasma  product  inside  a  cell. 
When  fully  developed  the  nettle  cell  extends  to  the  surface  and 
ends  with  a  tactile  process  (cnidocill)  which  upon  contact  stimu- 
lates the  protoplasm  and  causes  the  explosion.  The  cell  itself  is 
frequently  enclosed  by  a  muscular  sheath  or  a  network  of  muscle 
fibres. 

Among  the  coelenterates  both  sexual  and  asexual  reproduction 
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may  occur,  the  latter  usually  by  budding,  more  rarely  by  division. 
Sexual  and  asexual  types  of  reproduction  can  be  combined  in  the 
same  species,  producing  an  alternation  of  generations. 

In  comparison  with  the  sponges  the  Gcelenterata  may  be  called 
epithelial  organisms.  A  mesoderm  ('mesoglcea')  may  be  entirely 
lacking  or  may  have  but  a  subordinate  development.  The  ectoderm 
and  entoderm,  on  the  other  hand,  are  the  important  tissues — pro- 
ducing muscles,  nerves,  sense  organs,  sexual  products  and  cnidae. 
Hence  the  group  is  often  called  Diploblastica — two-layered  animals. 

Class  I*  Hydrozoa  (Hydromedusae). 

According  to  varying  standpoints  the  Hydrozoa  can  be  placed 
either  higher  or  lower  than  the  Anthozoa  in  the  system,  since  in  the 
former  group  two  forms  are  frequently  introduced  into  the  life 
history,  one  agreeing  well  in  structure  with  the  Anthozoa,  the 
other  standing  on  a  higher  grade.  The  first  is  the  sessile  and 
usually  colonial  polyp,  the  second  the  free-swimming  medusa,  well 
provided  with  sense  organs.  These  are  usually  related  to  each 
other  by  an  alternation  of  generations.  The  polyp  is  asexual  and 
by  budding  produces  medusae;  the  medusa,  on  the  other  hand,  is 
the  sexual  stage,  and  from  its  eggs  polyps  arise. 

The  polyp  of  the  Hydrozoa  is  the  hydropolyp,  forming  in  the 
branch  of  coelenterates  an  important  archetype  from  which  all 
other  conditions — medussB,  scyphopolyp,  and  even  the  coral  polyp — 
may  be  derived.  Our  best  example  of  this  is  the  fresh-water 
Hydra,  so  common  in  pools  and  streams.  The  body  (fig.  172)  is  a 
sac,  the  hinder  closed  end  of  which,  the  pedal  disc,  is  used  for 
attachment.  The  other  end  bears  the  mouth  which  leads  to  the 
internal  gastrovascular  (digestive)  cavity.  Around  the  mouth  is  a 
circle  of  tentacles  used  in  capturing  food  (mostly  small  Crustacea). 
These  are  outgrowths  of  the  body  wall;  the  circle  dividing  the 
body  into  a  peristome  inside  the  circle  and  a  column  constituting 
the  rest  of  the  outer  wall. 

Hydra  has  but  two  body  layers  (fig.  173),  an  entoderm  of 
flagellate  cells  lining  the  gastrovascular  space,  and  the  ectoderm 
covering  the  outer  surface.  Between  the  two  is  the  supporting 
layer  (mesogloea),  a  structureless  membrane  without  cells  and  hence 
not  a  body  layer.  Both  layers  consist  of  epithelial  muscular  cells 
{cf.  p.  92),  the  basal  ends  of  which  are  produced  into  smooth 
muscle  fibres,  those  of  the  ectoderm  running  lengthwise,  those  of 
the  entoderm  around  the  body.  The  ectoderm  further  contains 
ganglion,  nettle  and  sex  cells.     The  nettle  cells  on  the  tentacles 
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are  crowded  into  small  ridges  or  batteries.  The  sex  cells  (at  cer- 
tain times)  produce  svellinga  on  tlie  column;  a  circle  of  male 
swellings  close  beneath  the  tentacles,  the  female  cells  farther  down 
the  column  (fig.  172).  Individuals  reproducing  by  budding  are 
more  common  than  the  sexually  mature  (fig.  90).     Small  eleva- 


Fio.  1T8.  Fra.  IJB. 

Tm,  ITE.^JTudra  virtdit*  t«atea a1»T«:  ovarlui  enlargement  betow. 
Fis.  im—Body  In/ere  of  UyOra.    (After  Schulza,  from  Hstscbek.)    c  cntlcnla;  en, 
nettle  cells;  ek,  ectoderm;  en.  entoderm;  a,  supporting  layer. 

tions  appear  on  the  column,  enlarge,  form  tentacles,  and  at  last  a 
month,  after  which  they  may  separate  from  the  parent. 

In  the  sea  are  numerous  hydroid  polyps  which,  while  agreeing  in 
the  main  with  Hydra,  are  distingnished  from  it  in  two  important 
respects:  (1)  they  do  not  directly  produce  sexual  organs;  (3)  they 
reproduce  asexually,  and  by  incomplete  budding  form  persistent 
colonies.  In  this  formation  of  colonies  a  series  of  parts  have 
arisen  which  require  special  designations  (fig.  174).  The  separate 
animals  are  the  hydrantbs,  and  are  connected  together  by  a  system 
of  tubes,  the  ccenoearc,  which,  like  the  hydranths,  consist  of  ecto- 
derm, entoderm,  and  mesoglcea,  and  since  the  gastro vascular  space 
continues  in  them,  these  effect  a  distribution  of  food  throughout 
tbe  colony.  The  ccenosarcal  tubes  may  creep  over  some  support 
(stone,  alga,  Buail-shell,  etc.)  and  form  a  network,  the  hydrorhiza, 
or  it  may  stand  erect  and  tree-like,  forming  a  hydrocnuhis.  Usually 
both  hydrorhiza  and  hydrocaulus  occur  in  the  same  colony. 
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Uenall;  the  colony  is  strengthened  and  protected  by  the  perisarc, 
a  cnticnlar  tabular  secretion  of  the  ectoderm.  In  some  (fig.  175) 
the  perisarc  stops  at  the  base  of  the  hydr&nth;  in  others  (fig.  176) 
it  expands  distally  into  a  wide-mouthed  bell,  the  hydrotheca,  into 
which  the  hydranth  may  retract  at  times  of  danger.     In  rare  cases 


this  perisarc  may  be  greatly  increased  and  calcified,  forming  large 
coral-like  masses  with  openings  from  which  the  hydranths  may 
protrude  (fig.  177). 


Via.  ITT.— A  bit  of  M^tjxira  (ilc(c<Tnu,  enlarged.    (After  Agiuelz.) 

The  lack  of  sexual  organs,  which  distinguishea  the  marine 
species  from  the  fresh-water  Hydra,  is  explained  by  the  fact  that 
sexual  individuals  of  special  form  are  produced  from  the  colony 
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by  budding.     These,  the  medusfe,  may  separate  early  from  the 
colony  and  swim  freely.     A  medusa  (figs.  178,  179)  has  the  form 


Fio.  m.—Rltnpnlnnrmn  wla^um. 
anil  wcand  order:  i>,  velum. 


loiwda:  h.  oiocrMi: 


of  a  dome-like  or  disc-like  bell  and  consists  chleSy  of  an  ex- 
traordinarily watery  jelly.  The  bell  or  nmbrella  of  the  medusa  is 
covered  on  both  its  surfaces — the  concave  or  evbumbrella,  the  coa- 
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vex  or  exHttibrella — with  ectodermal  epithelium.  At  the  margin 
of  the  bell  the  sub-  and  ezumhrellar  ectoderm  \a  produced  into  a 
two-layered  sheet  with  a  central  opening,  the  velum  or  craspedon 
(fig.  178,  B,  v)  of  Bjgtematic  importance,  since  these  mednste  are 
often  spoken  of  as  Craapedota,  Tentacles  (usually  4,  8,  or 
multiples  in  number)  also  arise  from  the  edge  of  the  bell  just 
outside  the  velum. 


Fio.  Vn.—T.an  pileala.    {Aftor  Haeckol,  from  HatHcheK  ) 

Comparable  to  the  tongue  of  the  bell  or  the  handle  of  the 
umbrella  is  the  mannhrium,  hanging  from  the  highest  point  of  the 
subumbrella  and  bearing  the  mouth  at  its  tip.  It  contains  the 
chief  digestive  space  from  which  radial  canals  run  on  tlie  sub- 
umbrellar  surface  to  a  ring  canal  in  the  margin  of  the  umbrella. 
The  radial  canals  are  usually  four  in  nnmber,  but  in  some  species 
the  number  is  increased  during  growth  even  to  a  hundred  or  more. 
Manubrium  and  canals  are  lined  by  entoderm,  which  also  extends 
into  the  tentacles  and  forms  their  axes. 
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All  other  important  organs  arise  from  the  ectoderm.  Gonads 
arise  in  many  species  (fig.  179)  from  the  ectoderm  of  the  manu- 
brium;  in  others  from  the  same  hiyer  covering  the  sabambrellsr 
Burfaoe  of  the  radial  canals  (fig.  178),  forming  in  either  case  oon- 
spicnons,  often  orange  or  red,  thickenings.  Longitudinal  ectoder- 
mal mascles  move  the  tentacles  in  a  snaky  fashion,  whence  the 
name  medusa.  Circnlar  striped  muscles  run  on  the  Bnbambrellar 
side  of  bell  and  velnm,  causing  the  characteristic  motion.  By  this 
contraction  the  bell  becomes  more  arched  and  narrowed,  while  the 


FlO.  leO.-OtocyBts  of  Mednsffi.— A,  (Tunino  ;  B,  Biopo/onema  ;  C.  Carmariwn  (Trachy- 
mednne) ;  D.  Oclm-rAii  (Leptomednsan).  a,  epftlieltDm  ;  A,  aiidlMiTCGllB  ;  A^, 
origin  at  hairs;  AA,  audltoiT  hairs;  Ap,  andltorf  cashlon  ;  o,  otoliths  ;  n,»Ddi- 
tor;  nerve  :  nr,  nerve  ring. 

velum  (which  hangs  down  when  at  rest — fig,  178,  A)  contracts 
like  a  diaphragm  across  the  mouth  of  the  bell  (fig.  178,  W).  Since 
water  is  thus  forced  out  through  the  opening  the  medusa  is  forced 
forward  by  the  reaction. 

The  circular  muscles  of  umbrella  and  velum  are  separated  by 
the  nerve  ring,  with  which  are  connected  the  sensoiy  organs — 
eyes  of  the  simplest  type;  red  pigment  spots  with  or  without  a 
lens  (fig.  81);  and  open  or  closed  auditory  vesicles  (otocysts). 
Tactile  hairs  are  abundant  on  the  tentacles. 
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The  auditory  organs  are  of  two  types,  both  beginniDg  as  free  organs 
and  receiving  their  highest  development  as  closed  vesicles  (otocysts).  One 
type,  the  tentacular  organs,  occur  in  the  Trachymedusae,  the  other,  or 
velar  organ,  in  the  LeptomedusaB.  The  tentacular  organs  are  modified 
tentacles,  the  entodermal  axis  of  which  forms  the  otoliths  and  the 
ectodermal  covering  the  sense  cells.  In  the  JSginidsB  (Fig.  180,  A)  the 
club-like  tentacles,  seated  on  an  auditory  cushion,  project  freely  into  the 
water;  in  the  TrachyuemidsB  (Fig.  180,  B)  they  are  partially  transformed 
into  vesicles  by  the  upgrowth  of  epithelium,  and  in  the  GeryouidaB  (Fig. 
180,  C)  they  are  completely  enclosed  and  are  sunk  in  the  jelly  of  the  bell. 
The  velar  organs  of  the  Leptomedusad  are  placed  on  the  subumbrellar  sur- 
face of  the  velum.  They  may  be  either  simple  pits  (Fig.  180,  B)^  or  the 
mouths  of  the  pits  may  close  (Fig.  180,  2>).  In  these  both  sense  cells  and 
otoliths  are  ectodermal.  Eyes  and  otocysts  occur  in  different .  forms,  a 
fact  which  formerly  lead  to  a  division  of  medusas  into  ocellate  and  vesicu- 
late groaps. 

While  polyps  and  medusaB  apparently  differ  so  greatly  from  each 
other,  their  morphology  shows  that  the  medusaB  are  only  highly 
modified  polyps  adapted  to  a  swimming  life.  The  long  axis  of 
the  polyp  has  been  greatly  shortened  (fig.  181)  and  the  cylindrica] 


Tib.  181.— Diagram  of  sections  of  {A)  a  polyp  and  (B)  a  medusa,  ek,  ectoderm;  ck\  of 
exumbrella;  efc*,  of  sabumbrella;  e^*,  of  manubrium;  e!,  endoderm  (cathamnal) 
layer  arlsink  from  obliteration  of  digestive  space ;  en^  entoderm ;  r,  ring  canal ; 
8,  subuznbrella ;  t,  tentacles;  r,  velum ;  x^  supporting  layer  (gelatinous  in  B). 

body  developed  into  a  disc;  the  mesogloea  of  column  and  disc  thick- 
ened to  a  conspicuous  layer  of  jelly;  while  manubrial  cavity, 
radial  and  ring  canals  are  to  be  interpreted  as  remnants  of  the 
large  gastrovascular  space  of  the  polyp,  obliterated  in  part  by  the 
pressure  of  the  mesogloea.  To  the  parts  thus  formed  only  the 
velum  and  sense  organs  are  added. 

This  comparison  of  medusa  with  polyp  is  of  importance  in 
understanding  the  development,  which  usually  is  complicated  by 
an  alternation  of  generations.  From  the  eggs  of  the  medusae  a 
small  ciliated  embryo  (planula)  escapes,  which  becomes  attached, 
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develops  month  and  tentacles,  and^  by  budding,  produces  a 
hydroid  colony.  This  hydroid  colony  lacks  sexual  organs.  It 
produces  by  budding  the  sexual  individuals,  the  medusae,  which 
separate  and  swim  freely.  Since  polyp  and  medusae  are  morpho- 
'  logically  comparable,  there  is  a  time  before  the  escape  of  the 
medusae  when  the  colony  is  polymorphic,  consisting  of  asexual 
individuals  (hydranths)  which  reproduce  only  asexually  and  of 
others  which  have  taken  over  the  sexual  reproduction  (medusae). 
Hence  we  conclude  that  the  alternation  of  generations  here  has 
arisen  from  a  division  of  labor  or  polymorphism  of  individuals 
originally  of  equivalent  value,  in  which  some  individuals  (the 
sexual)  have  separated  and  acquired  a  peculiar  structure. 

While  alternation  of  generation  has  arisen  from  polymorphism, 
it  can  again  produce  it.  This  occurs  when  the  medusae,  instead 
of  separating,  remain  permanently  attached  to  the  colony.  They 
then  degenerate  into '  sporosacs,' which  always  lack  mouth,  tentacles, 
and  velum  (fig.  182),  often  also  radial  and  ring  canals,  so  that  at  last 


Flo.  182.— CompariBon  of  a  medasa  and  a  sporosac  (orlg.)-  A^  fully  developed  medusa; 
B,  medusa  with  the  manubrium  closed,  still  attached  to  the  blastostyle ;  C. 
medusa  reduced  to  a  simple  manubrium  (sporosac) ;  I>,  last  stage,  egt^s  being  pro- 
duced in  the  body  wall  (Hydraii. 


there  remains  only  the  manubrium  ('spadix')  and  the  sexual 
organs,  the  latter  enveloped  by  the  rudiments  of  the  umbrella. 
Since  medusae  and  sporosac  replace  each  other  in  closely  allied 
species,  a  common  name,  gonophore,  has  been  applied  to  both. 

This  developmental  history  may  be  modified  in  two  ways: 
either  the  polypoid  or  the  medusan  generation  may  be  suppressed. 
In  the  first  case  we  have  polyps  which  reproduce  both  sexually  and 
asexually,  in  the  other  medusae  whose  eggs  develop  directly  into 
other  medusae.  (A  few  medusae  may  produce  new  medusae  by 
budding.)  Thus  we  can  have  four  conditions:  (1)  Polyps  which 
produce    sometimes   asexually,   sometimes  sexually,    but   always 


polpys;  (2)  Meduaie  which  always  produce  medosfe;  (3)  Polyps 
aud  medussa  in  alternatiDg  generationa;  (4)  Polyps  and  sessile 
medusie  (sporosacs)  united  in  a  polymorphic  colony. 

The  Hydrozon  are  almost  eiolusively  marine.  The  colonial  forma  oocur 
mostly  on  rocky  coasls  down  to  a  depth  of  100  fnthoms,  but  have  been 
found  in  water  4000  falhoms  deep.  The  meduMe  belong  to  tlie  pelngjc 
faaiiB.  For  n  long  time  (he  only  freali-water  apeeies  known  belonged  to 
the  cosmopolitan  genns  Hydra,  but  more  recently  both  hydroid  (PnOo- 
hydra  rytleri,*  America  ;  Polypodium  hydii/orine,  Kuaaia)  and  medusHii 
forms  {Limiwoodium  soioerbyi,  Brazil ;  Limnocnida  tanganyiax,  Africa ; 
HalomUea  /ocuffn:*,  Trinidad)  have  been  fouod.  Cordylophoralueitatrvi' 
occQTS  in  the  brackish  waters  of  Europe  and  America. 

The  Hydrozoa  may  be  clHssifled  according  to  characters,  derived  either 
from  the  bydroid  or  the  medusan  stage.  The  former  basis  gives  us  four 
groups: 

(1)  Hydmria.  Polype  with  asexual  and  sexual  reproduction  ;  no  per- 
sistent colonies,  no  pcriaare,  no  gonopbores  (ftg.  172). 

(2)  Tubnlarite.  Uostly  colonial,  with  perisarc  but  without  hydrothecte. 
Beproduction  by  gonopbores  (medusa  or  sporosacs,  figs.  91,  175). 

(3)  Campanulariie.  Colonial,  with  perisarc  and  hydrotheca.  Repro- 
duction by  gonopbores  arising  in  apecial  perisarcal  envelopes,  thegonotheca 
(figs.  174,  176). 

(4)  Hydrocorallina.  Colonial,  with  massive,  calcified  perisarc,  resem- 
bling coral.     Beproduction  by  sporosacs  or  short-lived  medusae. 


Fio.  18B.— Amorlcftn  Trachr  and  NsrconiHduan.  A.  /^irinp>ir>ir/0<r<i.  (After  Fewkst.) 


The  characters  derived  from  the  medusfe  also  give  five  groups : 

(I)  Antliomeduiffi   (Ocellaite).     Gonads  on  the  manubrium  ;  no  andi- 

tory  organs  ;  eyes  usually  present ;  polyp  generation  present. 

(i)  Leptomedusff:.     Gonads  on  radial  canals  ;  usually  velar  auditory 

organs ;  polyp  generation  present. 

(3)  Trachymednase.     Qonads'on  the  radial  canals  ;  tentacular  auditory 
organs ;  develop  directly  to  meduste  (flg.  183,  A.) 

(4)  Narcomedosfe.     Gonads  on  the  mnnubriuni  or  gastral  pouches; 
tentacular  auditory  organs  ;  no  polypoid  stage  (fig.  183,  B.) 
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(5)  SiphoQophonv.  Polymorphic,  free-Bwimmiag  colonies  ofAnthome* 
diute  ;  no  polyp  generatioa. 

From  this  it  is  seen  that  there  are  medusce  without  polyp  Btnges  and 
polyps  vithoDt  medusa,  so  that  a  true  system  must  take  into  account  both 
those  features.  When  this  Js  done  and  life  histories  are  traced  it  is  seen 
that  the  Anthomeduste  and  the  Tubulariffi  are  connected  by  an  alternation 
of  generations,  and  the  same  holds  good  for  Leptomednsfe  and  Campana- 
lariae.  There  are  three  groups— Trachymeduste,  Narcomedasffi,  and 
Siphonopliora — without  a  hydroid  stage,  and  tiro  in  wbicb  the  polyp 
plays  the  chief  rflle,  the  medusa  being  rudimentary  in  the  HydrocoralliDae, 
lacking  in  the  Hydraria,      The   hydroid  polyps  are  usually  but  a  few 


Fio.  184.— American  hydroEoan  med 

B.  Hi/dnMhf  mi'-abiln:  C.  Ob^li 
■Tunitoptit  nutrlciidi;  Q,  Dipuren 

millimetres  or  fractions  of  a  millimetre  in  size,  hut  the  huge  Monooaulit 
imperator,  of  the  deep  seas,  a  yard  in  length,  forms  an  eiceplion.  The 
colonies  are  usually  only  a  few  inches  in  e^ttent.  The  tnednsie  have  bells 
varying  between  a  millimetre  and  a  few  inches  in  diameter,  reaching  in 
JBgnoria/oTikcUaa  a  diameter  of  sixteen  incbes. 

Older  I.  Hydraria. 
Until  recently  only  the  cosmopolitan  species  of  Sj/drawere  known. 

During  most  of  the  year  they  reproduce  by  budding  (ftg.  80),  only  occa- 
sionally  developing  gonads  (fig.  ITS).  The  egga  remain  in  connexion 
with  the  mother  during  segraentntion,  and  later  form  an  embryonal  shell, 
protecting  them  from  drought  or  cold.  In  this  'encysted  stage'  they 
can  be  distributed  by  wind  or  water  birds.  These  animals  formed  the 
basis  of  the  celebrated  researches  of  Trembley  on  regeneration.  lie 
showed  that  small  portions  when  they  contained  both  body  layers  could 
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r^ener&te  the  whole  animal,  Eia  eiperiments  upon  turning  the  animals 
inside  out  have  not  been  fully  con&nned ;  for  in  snch  cases  the  layers 
resume  their  normal  positions.  Hydra  grisea  *  {ftuea),  large  brown 
species ;  H.  viridis,*  green,  from  the  presence  of  symbiotia  algte.  Prv- 
tohydra  ryderi,*  without  tentacles,  i^ypodium  hydriforme,  pacssitio 
on  slui^on  eggs  in  Russia,  needs  more  study.  The  marine  HaleremUa 
eumulan*  may  belong  here. 

Order  n.  Hydrocorslliiue. 

Exclusively  marine,  forming  colonies  of  thousands  of  Individ nals  whose 
calcareous  skeletons  so  closely  resemble  true  corals  that  they  were  asso- 
ciated with  them  until  the  animals  were  studied.     Millepora  a/cicomu,* 
(tag-horn  cornl,  in  Florida.     The  rosy  Btylasters  occur  in  tropical  seas. 
Order  m.  Tnbnlails  =  Anthomednste  (Gymnoblastea). 

As  a  mle  these  colonial  forms  with  perisaro  but  without  hydrotheca 
produce  anthozoan  medusie,  but  there  are  forma  like  CSava  *  (pink,  on 


Pta.  ISA.— American  Tabutariaa  hrdrolds.  A,  Mi/rlol htlia  p/irtgiana  Mttr  Danlelasen 
and  Koren):  H.  Santa  marial^tteT  Fenkes);  C.  JfunocauJiipmduCa Utter  AgmsBii); 
D,  Clava  l^uttyla;  X,  Farypha  crocta;  F,  I\,docoryiit  miraMlii  (after  Agouti). 


rockweed)  and  Hydractinia  *  (on  shells  inhabited  by  hermit  crabs) 
which  have  sporosacs.  Indeed  the  genera  Corymorpha  *  and  Mono- 
cau7u  *  are  only  differentiated  by  the  eiislence  of  medusee  in  the  former 
and  of  sporosacs  in  the  latter.  In  the  forms  with  alternation  of  genera- 
tions different  names  are  applied  to  the  hydroid  and  meduaan  stages  as 
follows : 

Htdroid.  Medusa. 

Ftnnaria.  eiobiceps. 

Syitcoryne.  Sarxia. 

Bougainviiiea,  Jiippocrene,  MargdU, 

Oeminelaria.  Oeinmaria. 

Padoeoryne,  Dysmorpkoaa. 
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Other  common  genera  in  American  enters  are,  of  liydroids,  besides 
those  mentioned,  Eudendrium,  I'ttbularia,  nnd  Thamnoctiida;  of  medusfe, 
Tiaris,  TurritopHa,  Dipurena,  LUszia,  Nemopsis,  and  Hydrichthia. 


Order  17.  CampumUiia  =  Leptomeduas  (CalypbiAIastea). 
These  forms  are  readily  distinguished  from  the  Inst  by  the  fact  thit 
they  are  always  colonial  and  possess  bydrothecffi,  the  meduste  aliraj's  being 
Leptomedussa  (p.  239).  A  peculiarity  of  the  group  is  the  eiislence  of 
gonothecffi,  closed  perisarcal  eoTelopes,  inside  which  the  gonophores  arise 
from  the  blastostyle,  a  specialized  polyp,  without  moutli  or  tentacles 
(flg.  174, /).  The  t3'picnl  Campanulariie  produce  medusse,  while  some 
forms,  like  Thauinanlia*  axid  .Mquoria*  have  no  hydroid  stage,  and 
on  the  other  hand  Serttilaria  *  and  Phtmviaria  *  have  no  medusa  stage. 


FiO.  1st.— AiDerican    Campaiml] 


Other  common  genern,  Clytia,*  Diphasia,"  and  Aglaopltenia*  among 
hydroids;  Obelia,"  Tima,*  HJiegmatodes*  ^mong  medasBsi.  Possibly  ilie 
fossil  group  of  Graptolites  belongs  near  here.  Only  the  perisarc  U 
known,  and  this  is  composed  of  hydrothecte,  in  which  it  is  supposed  the 
hydrauths  occurred. 

Order  V.  Trachyinediim. 
These  meduste,  mostly  from  warmer  seas,  have  no  hydroid  stage.    The 
characters  are  given  on  p.  2Z9,  Tracfiynema,  TJriope'  {&g.  188),  and  Cam- 
panella  in  our  own  waters,  Oeryonia,  elc,  in  Europe. 

Order  VI.  Narcomednsa. 
In  addition  to  tlie  clmraclers  on  p.  239  may  bo  added  the  fact  that  ihe 
tentacles  arise  from  the  oulsido  above  the  rim  of  Ihe  bell.     Cunocantha* 
<Sg.  188),  and  Canina  *  in  our  warmer  waters,  jEgina  in  Europe. 
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Older  vn.  SiphonophorA. 

The  Siphonophora  are  among  the  most  beautiful  of  pelagic 
animals,  eonie  transparent,  some  brightly  colored.  Each  (fig. 
187)  eoneists  of  a  colony  of  individ- 
nals  Bpringing  from  a  common  ccb- 
noaarcal  tube  which  is  strongly  mns- 
cular  and  contains  a  central  canal 
lined  with  entoderm  by  which  the 
memberB  of  the  colony  receive  their 
nourishment.  At  one  end  the  tube 
is  usually  closed  by  a  float  filled  with 
air,  the  pneumalaphore,  which  acts 
as  a  hydrostatic  apparatus,  and  keeps 
the  colony  vertical  in  the  water. 

The  individuals,  springing  from 
the  coenosarcal  axis,  perform  difler- 
ent  functions  and  hence  have  differ- 
ent structures.  Close  behind  the 
float  commonly  come  several  swim- 
ming bells  {nectocalyce/i)  which  re- 
tain of  mcdugal  Btrnctnr&s  only  those 
(bell,  velum)  necesBaryfor  swimming 
and  those  (ring  and  radial  canals) 
for  the  distribution  of  nourishment 
received  from  the  common  tube. 
Then  come,  Bcatterod  through  the 
colony,  the  covering  scales,  for  pro- 
tection, firm  gelatinous  plates  which 
have  lost  the  ring  canal,  the  muscles, 
and  the  bell  shape  of  the  modusse. 
Food  is  taken  by  wide-mouthed  feed- 
ing tubes  (hu)  which  may  bo  com- 

pared  to  polyps  (fig.  57)  or  the  ma-  (fmm  Lane.)  a~h.  gn>up8  at  dif- 
nubrium  of  a  medusa.  Thev  digest  ^Libb;  gc.  gonophoresf'fti/.'^ferfinB 
the  food  by  means  of  large  masses  of  fiTi^'t'^'W':'  s^-^min^^'^irT^^icE;;: 
glands  ('liver  bands')  and  convey  it  cuiyx);!)!.  stalk. 
by  the  central  tube  to  all  the  members  of  the  colony.  At  tho 
base  are  long  muscular  tentacles  {()  from  which  small  lateml 
threads  depend,  each  euding  in  a  brightly  colored  swelling,  the 
nettle  head,  composed  of  large,  closely  packed  nettle  cells.  The^e 
are  the  cause  of  the  nettling  produced  by  the  siphonophores,  which 
in  many  is  so  severe  as  to  ho  feared  by  man.     The  '  feelers '  ( p) 
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Tecall  monthlesa  polyps  and  manabria;  they  are  very  sflnsitiTe  and 
mobile  and,  while  tactile,  apparently  in  some  cases  are  digestive 
■organs.  Latest  to  develop  in  the  colony  are  the  sexual  belle. 
They  are  usually  brightly  colored  and  resemble  small   monthless 


x> float;  ha,  canal  B^rBtem  of  stalk;  o,  mouth;  other  letters aa  In  flg.  188. 

Anthomedusse  without  tentacles.  They  but  rarely  (Chrt/noinilrti) 
separate  from  the  colony,  but  usually  persist  as  more  or  leas  reduced 
eporosacB. 

From  this  it  follows  that  the  Siphonophora  nfford  fine  examples 
of  division  of  labor  and  of  the  consequent  polymorphism  of  indi- 
viduals. This  can  indeed  be  carried  so  far  that  many  convey  tho 
impression  of  being  individuals  with  a  multiplicity  of  organs.  The 
Siphonophora  are  all  marine,  and  occur  most  abundantly  in  trop- 
ical seas. 

Sub  Order  I.  PHYSOPHOB.*  (PhyBoneotre),  Float  present,  but 
small ;  next  a  large  series  of  swimming  bells,  and  then  tlie  other  niembera 
of  the  colony.     Phijsophora,  Agalinia,  Nanomiii'  (flg.  189). 

Sub  Order  II.  CALYCOPllOR.^  (CaljconectB).  Float  lacking  :  one 
or  two  large  swimming  bells  ;  tlieotlier  iudividuals  in  groups  whicb  frc- 
■quenlly  separate  before  becoming  mature,  and  were  once  regarded,  under 
(lie  name  Eiidoxia,  as  distinct  animals.   Praya,  Dtpiij/M'iiig.  IB9),    in 


Sub  Order  III.     CY8T0NECT.*.    Float  greatly  enlarged;  (he  coeno- 
snrcal  tube  reduced,  the  individuals  (no  covering  scales  nor  swimuiiiig 
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bells)  being  attached  to  the  under  side  of  tbe  float.  Physalia,  the  Portu- 
guese man-of-war,  occurs  as  far  north  as  Now  England.  It  is  brightly 
colored,  and.  Bitting  high  on  the  water,  is  driven  about  by  the  wind.  It 
stings  very  eeverely. 

Sub  Order  IV.    DISCONANTH^.    Float  a  flattened  disc  with  con- 
centric air  chanil>er8;  the  manubrium  projects  from  tbe  centre  of  the  lower 


surface  of  the  float,  ForpUa,*  with  circular  disc.  Vrfeiii"  (fig.  189),  the 
paper  sailor,  has  a  triangular  'snil'  on  the  disc.  Both  are  tropical  and 
subtropical. 

Class  II.  ScTphozoa  (Scyphomeduste). 
The  Scyphozoa  parallel  the  Hydrozoa  in  that  they  frequently 
have  an  alternation  of  generations.     The  asexnal  generation  is  the 


Fio  ItO.-BcrphDstomaot^xreKiaiiWbi.   (From  KorBchelt-Heldor 
ph^rohoscls:  j,  Btalk :  (,  gMtral  folds;  (r,  ectoderm«l  runnels. 
Fill    IW.— rtectfon  of  ScyDhoatoma.    (From  UKtKhek,}    gr,  gMlric  pouches;  »,  gaa- 

Bcyphopolyp  or  acyphostoma,  the  sexual  an  acraapedote  medusa. 
In  contrast  to  the  Hydrozoa  the  aeexual  stage  playa  a  subordinato 
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rOIe;  it  is  closely  similar,  even  in  the  most  different  species,  and 
can  even  be  lost  (Pelagia),  while  the  medusje  are  always  well  devel- 
oped and  present  great  Yariety  of  form. 

The  scyphostoma  (figs.  190,  1!>1)  recalls  superficially  Hydra, 
but  is  distinguished  externally  by  a  small  perisarcal  cup  io  whii'h 
'  the  aboral  end  is  placed.  lutemally  there  are  four  longitudinal 
folds  projecting  into  the  gastral  cavity  and  extending  from  the 
margin  of  the  month  to  the  opposite  pole.  These  sftpta  or  iwniola 
appear  in  cross- soction  as  small  folds  of  entoderm  supported  by  a 
process  of  the  supporting  layer.  They  are  important  morpholog- 
ically, since  in  budding  they  produce  the  gastral  tentacles  (pliacellw) 
of  the  medusse.  Further,  they  are  the  first  appearance  of  the  septal 
system,  so  strongly  developed  in  the  Anthozoa. 

The  acraspedote  medusse  are  large  forms  (four  inches  to  four 
feet  or  more  in  diameter)  with  an 
arched  nmbrella  often  of  almost 
cartilaginous  consistency.  They 
are  distinguished  from  the  craspe- 
dotes  externally  by  notches  in  the 
margin  of  the  umbrella,  dividing 
the  periphery  into  lobes.  In  the 
common  forma  at  least  eight  lobes 
occur  (figs.  192, 193),  each  notched 
at  its  tip,  and  in  the  notch  the 
sensory  pedicels  bearing  both  ears 
and  eyes  and  covered  by  a  lappet. 
Fro.    i9e.-Ephrra   of    Cotuiorhita.  In  some  (fig.  193,  /,  //)  the  sen- 

(Arter  Clans.)    gt.  gMtral  Wntaolea  ,    ,       ^,  ,,  l      ,/  .     .  ■ 

jphacellK):    rk,    margloal   (Bensory)  SOry  lobeS  fOllow  each  Other,   but  in 

others  the  intermediate  region  is 
also  notched,  the  sensory  pedicels  then  being  found  only  on  careful 
search  (fig.  194).  Tentacles,  when  present,  spring  from  the 
notches  of  the  intermediate  region. 

The  sensory  pedicels  predicate  the  position  of  eight  principal 
radii,  of  which  fonr  are  called  the  perradii,  the  four  alternating 
with  them  the  iutermdii.  Adradii  are  radii  lying  between  the 
principal  radii. 

The  lobing  of  the  umbrella  influences  all  other  structures. 
There  la  no  velum  (hence  these  are  called  Acraepedia),  its  place 
being  taken  by  a  thick  muscular  mass  (fig.  86,  m)  on  the  sab- 
umbrellar  surface.  Instead  of  a  nerve  ring  there  are  eight  nerve 
centres  connected  with  the  sensory  pedicels.  Each  of  these 
pedicels   (fig.   195)   is  a  modified  tentacle  with  an  entodennal 


11.  SGYPUOZOA. 

I  I     II 


'it  protnlvpui.  {From  HaUchek  )  I.  rsdll  of  Snt  order  <perrsdll)i 
Bcxind  order  (Inlarrxlll):  I,  mftrglnal  lobm:  '•  orsl  lobfM  (cnt  air&T  OD 
f,  teuCBclea  (adnidlBl):  the  gonwls  (light  side)  are  InternulIaL 
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axis  and  an  outer  layer  of  ectoderm.  The  entoderm  forms  an 
otolith  sac  at  the  tip,  while  the  ectoderm  f  umiehes  a  nervous  ctiBhioD 
of  ganglion  celle  and  fibres  and  usually  a  simple  eye  spot.  Less 
evident  is  the  effect  of  the  lobing  on  the  internal  organs.  The 
gastrovascnlar  system  begins  with  a  quadrate  or  X-shaped  mouth 
(fig.  193).  The  perradial  angles  of  the  month  arensnally  produced 
into  long  cnrtain-like  oral  tentacles  of  great  use  in  the  capture  of 
food.  The  '  stomach,'  which  begins  jnst  inside  the  mouth,  giyes  off 
four  interradial  (i.e.,  alternating  with  the  comers  of  the  mouth) 


FlO.  IM.— Sense  orgiins  o(  AvrtUa  awrtta.    (After  Schowlakofl.) 

— ■— ■ ;  op. gftatrovftsculur  apace;  m,  SB '--  ' — 

ollth  «ao ;  rs,  oltactory  groove. 


enMderm:  ap. gaatro vascular  apace;  rn.  aapportlns  larer 
— i;  iK.otollth '• 


pouches,  the  gaetrogenital  pockets.  The  epithelium  of  theso 
pouches  produces  on  the  one  hand  a  group  of  small  gastral  tentacles 
(phacellte),  each  extremely  mobile  and  supported  by  an  axis  of 
mesoglcea;  on  the  other  plaited  folds  of  the  gonads,  these  being,  in 
contrast  to  the  llydrozoa,  of  entodermal' origin.  In  this  the 
Scyphomedusse  show  relationships  to  the  Anthozoa.  From  the 
central  digestive  sac  arise  tho  peripheral  portions.  These  consist 
in  tho  larval  medusse  (Ephyra  stage,  fig.  193)  of  eight  radial  canals 
to  the  sensory  pedicels,  and  in  most  adult  medusie  of  these  same 
pouches  and  eight  others,  adradiul  in  position,  to  the  tentacles.  In 
some  this  primitive  arrangement  is  complicated  by  an  extensive 
network  of  tubes  (fig.  193). 

lu  the  species  with  an  alternation  of  generations  the  egg  pro- 
duces a  ciliated  larva  (fig.  106)  which  attaches  itself  and  developa 
into  a  scyphostoma.     This  scyphostoma  is  always  capable  of  ter- 
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minal,  and  often  of  lateral,  budding.  The  lateral  buds  always 
produce  Dew  gcyphostoma,  the  terminal,  meduss.  la  the  latter 
the  Bcyphostoma  develops  into  a  strobila,  becoming  divided  by 
ciroular  constrictions  into  a  series  of  sancer-like  discs,  the  yonng 
jelly-fifih.  As  the  Buccessive  discs  become  ready  they  separate 
from  the  pile  and  swim  away  as  'epliyne.'  At  first  the  ephyrie 
(fig.  193)  have  only  four  gastral  tentacles,  parts  of  the  gastral 
folds  of  the  Bcypbostoma  (p.  346);  they  Uck  marginal  tentacles, 


OOy^L 


lo.  IM.— Development  o 
pUnnla  loacrpboBtomai 
or  BcyphoBtoma  \  rUht,  t' 


bat  have  the  eight  lobes  and  the  corresponding  sense  pedicels. 
Since  the  epliyne  differ  markedly  from  the  adult  medusee  and  only 
gradnally  change  into  the  sexual  form,  the  alternation  of  genera- 
tions is  complicated  bj  a  metamorphosis.  This  metamorphosis 
persists  in  some  cases  {Pelagia  noctiluca)  where  the  alternation  of 
generations  is  suppressed;  the  egg  develops  directly  into  an 
ephyra,  which  becomes  transformed  into  the  adult  jelly-fish.  On 
the  other  liand  no  case  is  known  where  the  medusa  generation  is 
dropped  out  and  the  scyphostoma  give  rise  sexually  to  other  scy- 
phostomse. 
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Some  forms  differ  from  the  foregoing  description  in  structure  and  ap- 
parently in  development.  Some  have  only  four  sen- 
sory bodies,  the  places  of  the  otlier  four  being  taken 
by  tentacles.  In  these  cases  the  sensory  organs 
lie  (Peromedusa))  in  the  same  radii  (i.e.,  interradii) 
as  the  sexual  organs  or  (Cubomedusas)  the  sense 
organs  are  perradial.  Lastly,  some  have  no  sensory 
organs,  their  place  being  either  taken  by  tentacles  or 
left  vacant  (St-auromedussB).  This  shows  that  tenta- 
cles can  replace  sensory  pedicels,  and  since  they  have 
essentially  the  same  structure,  they,  like  the  cordylii 
of  the  Trachym'edusse,  are  modified  tentacles. 

Order  I.  Stauromedusae  (Calycozoa). 
The  best  known  forms  are  the  Liicernariae 
(fig.  197),  whose  exumbrellar  surface  is  drawn  out 
into  a  stalk  by  which  the  animals  are  attached.  The 
disc  is  drawn  out  into  eight  lobes,  each  with  a  cluster  of  knobbed  tentacles. 
Several  species,  dark  green  in  color,  occur  in  New  England  waters.  The 
Tesseridct  (unknown  in  America)  are  free-swimming. 


Fio.  197.  —  Hnlycfv9fu4 
auricularia.*  (After 
Clark.) 


Mostly  high 


Order  11.  Peromedoss. 

Cup-shaped  medusae  with  four  interradial  sense  bodies. 
sea  forms.     Perioolpay  P&ripliyUa  in  the  Gulf  Stream. 

Order  m.  Cubomedusae. 

Sense  organs  perradial  in  .position.  Occurring  in  tropical  and  semi- 
tropical  seas.  Charyhdea  (fig.  108).  Development 
unknown. 

Order  IV.  Discomednsse. 

These  are  the  most  abundant  and  richest  in  spe- 
cies of  ScyphomedusBB  and  hence  have  served  as  tlie 
basis  of  the  foregoing  account.  The  onler  is  subdi- 
vided according  to  the  characters  of  the  mouth. 

(1)  Cannostoh^,  mouth  triangular  without  oral 
tentacles;  shape  and  other  features  of  the  epbyra 
retained  in  the  adult.  NausithoU  albida  (fig.  86)  of 
Europe  is  noticeable  because  its  scyphopolyp,  de- 
scribed as  Stephaiiocyphus  mirabUis,  is  parasitic  in 
sponges.     Linerges  and  Atolla  in  the  Gulf  Stream. 

(2)  Seh^ostom^,  mouth  X*shaped  with  long  fringed 
and  folded  arms  at  the  corners.  Aurdia  flavidtda  "^ 
and  Cyanea  arctica*  common  in  Now  England,  the 
latter,  the  *  blue  jelly,'  often  very  large;  disc  7  feet  in 
diameter,  tentacles  extending  a  hundred  feet  or 
more.  Pdagia  *  in  our  warmer  waters.  (3)  Rhizo- 
STOHE^.four  oral  arms,  these  branched dichotomously. 

Fig.     ifl8.  -  ^/lavyMea  fhe  mouth  and  grooves  on  the  arms  closed  by  union 

of  their  edges  so  that  many  small  sucking  stomata 


Hatschek.; 


s; 
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remain  through  which  nourishment  ia  taken,     Stome^phxis"  nud  Folydo- 
niafrondosa*  (fig.  194)  on  coral  banks  In  our  warmer  seas. 

Class  III.  Anthozoa  (ActiDozoa). 

The  Actinozoa,  inclading  the  sea  anemones,  sea  pens,  and  corals, 
are  excliisiToly  marine.  With  few  exceptions  they  are  sessile  and 
form  colonies,  often  of  enormous  size.  In  this  as  in  appearance 
(fig.  199)  they  resemble  the  hydroid  polyps.     They  have  a  pedal 


Fia.  \Vt.—Aniht<nKorpha  eltgaoM.    *,  t,  BagrltUI  plui«. 

disc,  colnmn,  tentacles,  and  peristome  with  central  month.  They 
are  distinguished  by  their  greater  completeness  in  histological  and 
organological  differentiation.  The  Antbozoan  polyp  has  a  well- 
developed  mesogloea,  the  supporting  layer  of  the  hydroid  being 
here  a  layer  of  connective  tissue  with  namerons  cells,  giving  the 
animals  a  tongb  fieshy  consistency.  Still  more  important  as  points 
of  distinction  are  the  presence  of  an  cesophagttB  and  septee  bearing 
mesenterial  filaments  and  gonads. 

The  mouth  lies  in  the  centre  of  the  peristome,  and  in  shape  is 
nsnally  oval  or  slit-like.  Hence  there  is  a  biradial  symmetry — of 
importance  in  the  architectonic  of  the  polyp — for  there  is  a  sagittal 
axis  (fig.  100,  8,  s)  passing  in  the  long  axis  of  the  month  and  a 
transverse  axis  at  right  angles  to  it.  From  the  moutb  the  oesopha- 
gQS  hangs  down  into  the  body  as  a  fiattened  tube  and  opens  at  its 
lower  end  into  the  wide  gastrovascnlar  cavity.  In  its  development 
this  oesophagus  is  an  infiectedpart  of  the  peristome  and  hence  lined 
with  ectoderm,  and  its  lower  end  alone  can  he  compared  with  the 
moutb  of  the  hydrozoan  (fig.  200). 

The  oasophagus  is  held  in  position  hy  radial  partitions,  the 
septa,   which  stretch   from  base,  column,  and  peristome  to  the 
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oeBophagnB,  dividing  the  peripheral  part  of  the  gastral  space  iDto 
small  pockets,  the  radial  chambers,  connected  below  the  end  of 
the  cesophagus  with  the  central  part.  Above,  these  chambers  con- 
tinno  into  the  tentacles.  The  tentacles  therefore  are  ontgrotrtlis 
from  the  radial  chambers  and  usually  are  equal  in  number  to  them. 
Besides  the  complete  or  primary  septa  which  reach  the  cesoph- 


Fro.  MO.— StereoBTam  of  an  Anthozoan  (orle.).  In  the  out  edges  the  eotoderm  whll*. 
the  entoderm  blocked,  the  piippoTtliiK  layer  blank.  The  septa  show  the  wplal 
muBcles.  and  the  communication  ot  the  Interseptal  chambera  nith  the  cesophwr'* 


agus,  there  may  be  others  incomplete  in  that  they  do  not  reach 
the  cesophagus  and  belonging  to  secondary,  tertiary  or  other  series 
(fig.  203). 

The  septa  support  a  number  of  important  organs:  the  mesen- 
terinl  filaments,  gonads,  and  muscles.  The  mesenterial  filaments 
are  thick  strands  of  epithelium  rich  in  glands  and  nettle  cells, 
fastened  like  a  hem  on  the  edge  of  the  septa.  Since  they  arc 
much  longer  than  the  peri stomial -pedal  length  of  the  septa,  they 
cause  these  latter  to  wrinkle  and  fold,  thus  strikingly  resembling 
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the  mesenteries  of  tho  msmmals.  Lower  down,  in  some  species, 
the  filaments  become  free  and  form  long  threads,  aconiia,  rich  in 
nettle  cells  which  are  protruded  for  defence  either  through  the 
mouth  or  porea  {cinclides)  in  the  column.  The  gonads — only 
exceptionally  hermaphroditic — lie  inside  the  mesenterial  threads 
aa  band-like  folded  thickeningB  (fig.  301,  h^).  They  arise  as  in 
the  Scypbomednsae  from  the  entoderm,  but  early  migrate  into  the 


-     -,     J,    MlOWillK    C 

tl  fllament:  c  BeptnlBd 

oMer  witn  Konaaa:  «■—)■•.  Incompleta  septa  oi 

corregpondlng  lentticles. 

Fio  2te.— Section  of  SHptum  of  RWimu-rfmi  Inhrrcili 

nc.  BupporMug  layers  mf,  wptal  muscle:  u,  ovai 

moBogloea  of  the  septtim  (fig.  203,  o).  The  eggs,  when  ripe, 
escape  into  the  gastroTascular  cavity  by  dehiscence.  The  young 
leave  the  parent  at  various  stages  of  devolopment,  sometimes  aa 
plannlfB  (fig.  206,  A),  sometimes  as  young  with  tentacles. 

The  muscles  are  very  important,  morphologically.  Muscles 
and  nerves  occur  in  both  ectoderm  and  entoderm ;  but  while  the 
nerves  are  best  developed  in  the  ectoderm,  forming  especially  a 
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thick  Bubepithelial  sheet  of  fibres  and  ganglion  cells  in  the  peri- 
stome, the  muscles  of  the  ectoderm  arc  weakly  developed  and  are 
confined  to  the  peristome  and  the  tentacles.  The  entodermal 
mnsculature  is  much  stronger.  At  the  oral  end  of  the  column  is 
usually  a  strong  circular  (sphincter)  muscle  which  by  its  contrac- 
tion can  draw  the  top  of  the  column  over  the  peristome.  The 
septa  also  bear  muscles,  on  one  side  running  transversely,  on  the 
other  longitudinally,  the  latter  alone  being  strongly  developed  and 
producing  marked  ridges  (fig.  202)  on  the  septa. 

In  the  Heiacoralla  the  septa  are  arranged  in  pairs,  not  onlj  in  being 
close  to  each  other,  faut  in  having  similar  faces  turned  towards  each  other. 
The  rule  is  (flg.  208)  that  in  cacli  pair  the  sides  bearing  muscle  ridges  are 
turned  towards  each  other,  but  in  two  pairs  Ijing  in  the  sagittal  axis  these 
moacles  are  turned  outward.  From  these  relations  these  septa  are  called 
directives.  It  is  however  to  be  noted  that  in  our  common  anemone.  Me- 
tridiutn,  oocasioDally  three,  more  frequently  but  one  pair  of  directives 
occur.  The  paired  condition  of  the  septa  allows  the  recognition  of  two 
kinds  of  radial  chambers;  between  the  two  of  a  pair  is  an  intrsseptal. 


Fia.  BOB.— TraiiBTerse  sec — ^  .  . 

try,  a  RecoQd  lies  at  rlgbt  angles.    I-IV,  septai  ot  (oar  oi 

between  two  pairs  an  interseptal  chamber.  New  septa  only  appear  in 
the  interseptal  chambers.  At  one  time  all  Hexactinians  have  bat  six  sepia, 
a  pair  of  directives  and,  right  and  left,  four  lateral  septa.  With  growth, 
other  septa  of  asecondary  order  may  appear  in  tlie  interseptal  areas,  giving 
six  of  these.  And  so  with  septa  of  the  tertiary  order.  Irregularities  how- 
ever occur,  and  forms  are  found  which  have  abandoned  this  sezfold  plan 
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and  have  assumed  a  plan  of  four  or  ten,  but  without  altering  the  primitive 
conditions. 

In  the  Octocoralla  (fig.  204)  the  conditions 
are  simpler,  only  eight  septa  being  developed. 
These  are  disposed  equally  on  either  side  of  the 
oesophagus  und  may  bave  (most  octocorallans) 
all  their  muscles  towards  one  end,  or  {Edwardsia^ 
fig.  205,  IV)  may  have  the  muscles  of  one  pair 
reversed.  It  is  to  be  noted  that  hezactinians 
pass  through  an  Ediuardsia  ^t^^'Q.  In  Cerianthus 
new  septa  are  always  added  at  one  end  of  the  sag-   ^,0^  204.— Transverse  seo- 


ittal  axis  (fig  205,  II),  while  in  the  extinct  Tetra- 
coralla  (fig.  205,  I),  so  far  ns  one  may  judge  from 
the  hard  parts,  the  septa  have  an  arrangement 
Trith  four  as  the  basis. 


tion  of  an  Octocorallan 
{Alcyonium).  «,  siphono- 
glvphe;  1-4,  septa  of  one 
side,  with  their  muscles 
on  one  side,  svmmetrical 
with  those  of  the  other 
side. 


Fio.  205.— Arrangement  of  septa  in  varions  Actinozoa.   I,  Tetracoralla ;  II«  Cerianm 

thu^;  111,  Octocoralla;  IV,  Edtoardiiu, 

By  far  the  greater  part  of  the  Anthozoa  reproduce  by  budding 
as  well  as  by  eggs.  Only  rarely  do  the  buds  separate,  but  generally 
they  remain  connected  with  the  mother  to  form  a  colony  of  hun- 
dreds or  thousands  of  individuals.  These  are  connected  by  an 
extensive  coenenchym  or  ccenosarc,  consisting  largely  of  mesogloea, 
but  having  an  outer  coat  of  ectoderm  and  penetrated  by  a  system 
of  branching  and  anastomosing  entodermal  canals  (fig.  206).  On 
disturbance  the  polyps  can  quickly  retract  themselves  into  the 
coDnosarc. 

The  colonial  Anthozoa  have  almost  invariably  a  skeleton, 
secreted  by  the  ectoderm  and  consisting  either  of  calcic  carbonate 
or  of  an  organic  horn-like  substance.  Sometimes  the  horn  and 
lime  alternate.  One  recognizes  an  axial  and  a  cortical  substance. 
The  axial  skeleton  is  confined  to  the  deeper  portions  of  the  ccenosarc, 
while  the  cortical  portions  are  formed  by  the  polyps  themselves 
and  to  a  large  extent  (figs.  207,  208)  repeat  their  complicated 
structure.  Except  in  a  few  forms  {Fungia)  a  theca  is  present; 
this  is  a  calcareous  cup,  and  from  this  usually  extend  inward 
calcareous  partitions  called,  in  distinction  to  the  fleshy-  or  sarco- 
Bcpta,  the  sclerosepta. 
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The  theca  arises  by  a  fuston  of  sclerosepta.     If  this  fasion  takw  place 
some  distance  inside  the  peripheral  ends  of  the  acleroaepta,  the  distal  enda 


Flo.  »».—r:»r>iltiuinrwbrum.  red  coral.  (After  Lncaze  Dathlers.!  ^.  cIlUMd  yoiUiS! 
H,  youDK  colony;  C.  part  of  fcilooy  with  polypB  In  eitenalon  (a)  tmd  contrao- 
tion  {cii  d.  rixnouirc;  /),  Blereogram  at  e.  br&nch;  f>.  c,  partly  and  complelelyre- 
traoted  polyps;  ri.  ccenoaarc;  ',  skKletal  ails  exposed;  /',  f,  larger  and  snmlior 
ctenoKarcal  cnnals;  m.  rnvBenterlalHlamenta;  i,  cesophagua;  (,  retracted  tenlMln; 
A,  greatly,  U,  C\  D,  Hllglitly  enlarged. 

of  these  project  on  Ilie  outer  siirfnce  ns  costie.  Still  outside  these  may  be 
a  second  cup,  the  epitheca.  In  tlie  centre  may  occur  a  large  calcareous 
column  or  seTeral  smaller  ones,  the  columella  (Rg.  208),     iWt  are  snuU 
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free  particles  between  the  inoer  ends  of  the  scleroseptft  and  tbe  columella, 
while  aynapticuia  are  email  projections  connecting  the  septa.  As  the 
polype  grow  they  build  the  thecie  higher  and  higher  and  ooDseqaentlf  draw 


Vis.  Vft.—Seltmphyttia  wLnraaHHtola.    (Aft«r  KlubEliiKer.) 

Fig.  SB.— SecUoa  of  cotkI  of  Carvn^ylUa  ctiiith\it.    (After  Kooh.)    OaiMde  the  thaoB, 
•epta  (1-XIt)  of  first  uid  ■scoDd  order,  tbelr  pali  and,  in  oentre.  columella. 

out  from  the  deeper  poriiona,  whicli  mAy  became  cut  off  by  horizontal  parti- 
liona.  the  tabnlte.  Such  tabulra  occur  in  some  Mndreporaria,  Octocorallana, 
ADd  Millepores  (p.  341J  which  were  formerly  united  in  a  group  Tabulate. 


ilblftck, 

Fio.  iia— DlagTsjn  of  the  relatl< 
lined.  mesoKlrea  bl&ck.  ent 


external  wall;  /.  Bcleroaepta. 


It  was  once  thought  that  the  coral  was  a  calcified  portion  of  the  soft 
parts  and  hence  that  sclerosepta  were  Imrdened  sarcosepla  etc.  This  hns 
been  diaproved.  Tbe  sclerosepta  are  formed  in  tbe  radial  chambers  between 
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the  aarooaepla,  and  the  tbeca  inside  and  at  some  distance  from  the  c(d- 
nmn,  tbe  outer  snrfAce  of  vhich  secretes  only  the  inconstaDt  epitbeca 
(flg.  209).  From  tbe  nboTe  it  would  Appear  that  the  scleraeepia  correspond 
in  Dumber  to  the  sarcoeepta,  but  this  is  not  alwAfs  the  case.  Tbns  tbe 
Helioporidfe,  vhicb  on  the  grounds  of  the  skeleton  were  reganled  as  Hei- 
acoratla,  are  sbon-n  by  the  soft  parts  to  be  undoubted  Octocoralla. 

By  means  of  tbeir  skeletons  the  Anthozoa  produce  large  accumulaiioiis 
of  carbonate  of  lime,  the  well-known  coral  reefs,  on  the  bottom  of  the  sea. 
These  are  formed  by  many  species,  the  Uadreporaria  playing  the  most 
important  rAle.  When  the  reef  reaches  tbe  surface  it  produces  an  islaml, 
the  most  noteworthy  form  being  tbe  atoll,  a  ring-like  structure  with  a 
central  lagoon.  The  origin  of  tbesealolls,  as' well  as  that  of  fringing  and 
barrier  reefs,  was  for  a  long  time  explained  by  Darwin's  and  Dana's  theory 
of  coral  reefs.  Later  investigations,  notably  those  of  Mr.  Agassis,  afford 
another  explanation. 

Order  I.  Tetracoralla  (Kngoaa). 

Extinct  forms  from  the  paleozoic  rocke  with  tbe  parts  arranged 
ilifonrs  (fig.  311),  The  present  tendehcy'is  to  regard  them  as  modi- 
fied Hesacoralla. 

Order  U.  Octoconlla  ^Alcymuiia]. 

These  forma,  which  have  eight  siogle  aepta,  are  externally  re- 
cogDizsble  bj  their  feathered  tentacles,  eight  in  number  (fig.  206). 


PiO.  ni.— Diftftram  of  septa  In  a  tctracorallan.    (Oriit.'; 

FlQ.   21S. -Three   atages   In   developinelit  ot   R^ilU   Tenlfnrml:     C4ft«r  -Wllsnii.) 

•1.  oleavane  ot  eitii:  B,  plnnaU:  r.  development  ot  teitopluMrni ;  ee,  eotodenn: 

They  occur  in  all  seas  from  near  the  shore  to  great  depths.  In 
development  there  is  a  plannla  (fig.  213)  in  which  the  cesophaguB 
arises  as  a  solid  ingrowth  which  becomeB  perforated  later.  The 
eight  septa  arise  simultaneously.  Usually  colonies  are  formed  by 
budding  and  a  polymorphism  may  occur,  some  individuals  which 
have  reduced  septa  and  lack  tentacles,  taking  in  water  for  the 
colony.     Many  are  phosphorescent. 
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In  the  AtCYOKiiDs  {Akyonitiin*  AtUhomasttts)  an  aiial  akeleton  is 
lacking,  but  the  flesli  contnina  uumeroiu  calcareous  particles,  the  scleroder- 
nites.  Tbe  sen  pens,  Pehnatulida,  have  the  basal  part  buried  in  the 
mud,  the  rest,  expanded  like  a  disc  or  feather,  bears  the  polyps.  An  axial 
BkeletOD  usually  occurs  in  the  stalk,  fientiottila,*  colder  waters ;  Henilla,* 
wanner  seas.  Tbe  GoROONiiDf  (sea  fnns,  sea  whips)  bare  an  axis  of  more 
firmness,  which  may  be  calcareous,  and  the  colony  may  branch  and  the 
branches  anastomose.  Here  belong,  besides  many  tropical  genera  whose 
names  end  iu  '  gorgia,'  Pi-iinnoa  *  of  o\ir  colder  waters ;  Isia  of  tropical 
seaii,  with  skeleton  of  alternating  calcnreoiia  and  horny  parts,  and  the  pre- 
cious coral  {CoraQium  rubrum,  fig.  20S)  of  the  Hed t term n can,  the  flstiing 
for  which  nt  Naples  amounts  yearly  to  half  a  million  dollars.  In  the  Tubi- 
poBiDiK,  or  organ-pipe  corals,  the  separate  polyps  are  enclosed  in  parallel 
tubes  united  at  intervals  by  horizontjil  plates.  The  Hdiopora  were  long 
regarded  as  Tlwacoralla  because  of  their  massive  skeletons  with  sii  sclero- 
Bcpta.  The  paleozoic  Syriugnpora  belongs  near  Tubipora,  while  the 
Favositida  resemble  the  Alcyoniidie. 

Older  m.  HezocoialU  (Zoanthaiia). 
The  simple  tubular  terrtacles  are  highly  characteristic  of  the 
Hnxacoralla,  as  is  tbe  arrangement  oJ!  the  paired  eepta  in  eizes  as 
described  above.  Yet  there  are  exceptions  to  this  rule.  On  the 
one  hand  is  Edtcardsia  (common  in  our  colder  waters),  in  which 
there  are  sixteen  or  more  tentacles  and  only  eight  septa  (fig.  205), 
but  vhich  eshibita  a  condition  through  which  tbo  young  actinians 
pass  ;  on  the  other  hand  in  the  Zountharia,  Cerianthite,  and 
Antipatharia  the  rale  of  six  has  andergone  extensive  modification. 
Sub  Order  I.  ACTINARIA  (Miilncoderma).  The  Bca-aneinones  are 
mostly  solitary,  without  skeleton;  uitli  numerous  septa  and  tentacles. 
They  occur  in  all  seas  from  tide  marks 
to  the  greatest  depth.  A  few  are 
free,  but  most  are  sessile.  Except  the 
colonial  Zoanthete  all  can  creep  by 
the  pedal  disc.  Bepresented  in  our 
seas  by  Metridiuin,  Buiioden,  Sagar- 
tia,  Btcidiutn  (parasitic  on  Cyanea)^ 
Haleampa,  etc.  The  Zoanihete  have 
'  two  kinds  of  alternating  mesenteries 
and  the  individuals  of  the  colonies 
are  usually  incnisied  with  foreign 
matter.  '  Epiaoauthus  lives  symbi- 
otically  with  hermit  crabs  (fig.  113). 

8nb  Order  II.  ANTIPATHARIA. 

Six  pairs  of  septa  and  six  (Antipathes) 

or  twenty-four  ( Oerardia)  simple  len- 

^>ictiW(j«  latter  stimp^  taoles;  colony  with  a  black  homy  axis 


.   213.— Amerlckn  sea-nnemonee. 


.■errill).  C.  1 


nll)- 


ittlla   Miet  Ver- 


calcareous  skeleton.     Simu- 


late the  Gorgonidii. 
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Sub  Order  111.  MADREPORARIA.  This  group,  the  richest  in  species  of 
&D7,  is  characterized  by  the  great  deTtilopmeut  of  the  skeleton.  Theca, 
septa,  and  usually  columella  aad  eynapticuli  are  present,  and  frequeatty  ' 
cost»  as  well.  Solitary  forms  are  few.  Usually  ihey  form  colooies,  fre- 
queutly  of  thousands  of  individuals,  bouad  together  by  a  ccaDenchym 
extending  from  polyp  to  polj-p  over  the  surface  o(  the  coral.    A  colony 


Tla.  21B. 


'e  p^n» '»  various  Btages  of 
tumour' ' 


Fto.  EUL  Fio.  97. 

Vm.VM.—C'aiiomra  eatptloii.    (After Helder.)    RaUtioniof  coraland  flub. 
Flo.  sn.—Favia  cocemiMa.   (After  KlatalDsei.) 

arises  from  a  single  animal  by  continued  fission  or  budding.  When  the 
divisiou  is  not  complete  the  animals  may  form  long  series  with  numerotis 
mouths  but  with  the  other  parts  united,  the  result  being  that  the  surface 
of  the  coral  is  marked  by  long  winding  grooves — incompletely  separated 
tbeca— with  solerosepta,  as  in  the  brain  corals  (fig.  21G). 

Since  but  little  is  known  of  the  soft  parts,  the  classification  of  the  Uad- 
reporaria  is  based  upon  the  coral.  Threesectionsof  thesuborder  are  recog- 
nized.     (1)  Aforosa,  with  compact  skeleton.     Some,  like   Carjfophifllia 
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(flg.  208)  and  Bd^rophylla  (flg.  307)  are  solitary.  Others,  like  OcuUna* 
branch,  and  still  others  form  coiuiiact  masses.  Astrangia  danae  (Qg.  214), 
the  only  true  coral  in  New  EnglanJ;  Aatraa,  the  brain  corals  {Caloria, 
fig.    SIS,  Diploria,  Maniatrta);    Cladocora  (Sg.   216),   Favia  (fig.   SIT). 


rio  at.—Uadrvfora  tryVuraa.    (After  ElantiUKer.) 

(S)  FuNOiAorA,  or  mushroom  corals,  with  no  outer  wall  to  the  coral.  Some 
are  colonial,  others  (Fungia)  are  solitary,  A  sort  of  strobilaiion  in  de- 
relopmeiit.  (8)  Porosa,  with  skeleton  porous  like  a  fine  sponge.  Madn- 
pora.*  deer's-horu  coral  (flg.  218),  Parite»,  Astroides. 

Class  IV.  Ctenopliora. 


The  GteDOphores  excel  all  marine  animals,  even  the  mednate. 
Id  transparency  and  delicacy  of  tissues;  many  are  so  soft  that  a 
strong  current  tears  them,  and  no  attempts  to  preserve  them  have 
been  snccessfnl.  The  body  is  almost  always  biradially  symmetrical; 
i.e.,  is  divided  by  both  sagittal  and  transverse  planes  into  sym- 
metrical halves.  Since  the  longitadinal  axis  is  asnally  longer  than 
the  others,  which  are  generally  equal,  the  body  is  nanally  oval  or 
pear-shaped.  In  Cesium  the  sagittal  axis  is  greatly  longer,  giving 
the  animal  the  form  of  a  band,  whence  the  name  'Venus  girdle.' 

The  bulk  of  the  animal  is  composed  of  a  soft  jelly  with  con- 
nective-tissue cells,  penetrated  in  every  direction  by  polyiiueleate 
mtiscle  cells  branched  at  their  ends  and  apparently  innervated  by 
special  nerve  cells.  On  the  outer  surface  is  a  layer  of  ectoderm, 
while  in  the  interior  is  a  system  of  branched  entodermal  canals. 

At  the  bottom  of  a  depression  (&g.  321H,  p)  at  the  aboral 
pole  is  a  thickened  patch  of  ectoderm,  the  sense  body,  which  has 
considerable  resemblance  to  an  otocyst  (flg.  222).  The  thick 
isensory  epithehum  forms  a  shallow  groove,  strong  hairs  which  rise 
from  the  edge  of  the  groove  arch  over  it,  enclosing  a  space  to  be 
compared  to  an  incomplete  vesicle.     In  the  centre  ia  a  spherical 
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Fio.  fflio. 


Via.  MC. 


no.  flB.—Sirlmmlne  plAte  and  epithelial  CDshlon.    (After  Chan.) 

Pio.  e».— H'"-mi|ijHrt-(i  jAumion.    (After  Chnn.) 

Fio.  ffil.— ;>lfiir<ilimrh(ii  TtiiKlittafluhi.   lAfter  Chnn.)    .^.  nboral  po 

view.    .W.lf,  BiKlttalaiiiH:  TTV  trnnsverBe  mlB  :  cnrfr.  mdlal , 

rodlsl  vessel:  c.pr.  liuht  and  left  RastrciraKtilar  trunks:  ».  opening  of  funiirl 
vewel;  o.  aubcoalal  vessel;  m,  ' stomscli ' ;  tug.  p»raBa8lrlc  cmsli;  n,  cillntnl 
Rmovea;  I'c  sense  body  :o,  mouth  :  nv.  ovary  ;  p.  polo-plate  r  r,r",  rows  ofct—'"- 

•r*.  teiitftcolar  pouch  :  whi.  Its  aperture:  *p.  teatea;  (6,  br-'-  -* ' 

lontacul&r  canal:  Ir,  tunneL:  Irg,  funnel  canaL 


4.  aboral  pole;  B.  front,  C.  side 


}ftentaola;  tg.uK 


lY.    CTBNOPHORA.  26& 

mass  of  otoliths,  supported  on  foar  bnndlea  of  S-shaped  sgglatin&to 
cilia.  From  these  bundles  of  cilia  eight  bands  of  thickened  epi- 
thelium, at  first  in  pairs  (fig.  223,  ws),  later  diverging,  pass  to  the 
oral  pole  (fig.  221,  r).  These  meridional  bands  (so  called  from 
their  course)  consist  in  part  of  ciliated  epithelium,  in  part  of  the 
characteristic  '  combs '  which  are  the  locomotor  organs,  and  which 
mast  be  regarded  as  transverse  rows  of  long  agglutinated  cilia. 
The  combs  (fig.  319)  arise  from  thick  epithelial  ridges,  transverse 
to  the  meridional  hands,  and  are  so  far  apart  that  the  free  edges 


o;pp,  pole  plat 

of  one  comb  overlap  the  base  of  the  next  like  shingles.  In  conse- 
quence of  their  fibrous  structure  the  combs  are  strongly  iridescent 
and  in  motion  canse  a  beautiful  play  of  metallic  red,  blue,  and  green 
over  the  meridional  bands.  These  combs  act  like  oars  and  row 
the  body  about.  Since  the  combs  begin  some  distance  from  the 
aboral  pole,  they  are  connected  with  it  by  means  of  ciliated  grooves 
following  the  line  of  the  meridional  bands.  Experiment  shows 
that  the  sense  body  is  an  organ  of  equilibration  and  of  correlating 
the  Hctlon  of  the  different  rows  of  combs. 

The  ectoderm  gives  origin  to  two  more  important  organs,  two 
pole  fieldsand  two  tentacles.  The  pole  fielda  (fig.  321,  p;  323,  pp) 
are  two  epithelial  patches  extending  a  short  distance  in  the 
sagittal  axis  from  the  sense  body  and  possibly  are  olfactory  or 
taste  organs.     The  tentacles  arise,  in  the  transverse  axis,  from  the 
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bottom  of  deep  tentacular  sacs,  from  which  they  project  as  long 
cords  with  numerous  lateral  branches,  and  into  which  they  may  be 
retracted.  Tentacles  and  branches  contain  an  axial  muscle,  while 
the  ectodermal  coating  consists  largely  of  adhesive  cells.  These 
are  spherical  bodies  (fig.  224)  covered  with  a  very  sticky  granular 

secretion,  and,  like  a  Vorticella,  supported  on  the 
end  of  a  spiral  stalk  muscle.  These  are  used  in 
capturing  prey. 

The  ectoderm  also  forms  part  of  the  gastrovascu- 
lar  svstem.     It  turns  inward  at  the  mouth — situated 
at  the  lower  end  of  the  chief  axis — and  lines  the 
large  space  commonly  called  stomach  (fig.  221, 
m)  but  which  corresponds  to  the  oesophagus  of  the 
Actinozoa.      At  the  aboral  end  of  this  stomach 
begin  the  true  entodermal  portions,  the  so-called 
FiG^SBt.— Adhesive  ^^^^^Is,  and   from    them  the  canals  distributed 
phora^'  (AftTr  ^^^^^^g^^  ^^^  J^^^J  ^^  ^^L^  various    organs.      Two 
Samassa.)  (rarely  four)  funnel  canals  run  to  the  aboral  pole 

and  empty  (fig.  223,  io)  near  the  sense  body;  a  second  pair,  the 
paragastric  canals  (fig.  221 B,  mg),  which  run  parallel  to  the 
oesophagus,  end  blindly.  The  perradial  canals  (cpr)  proceed  out- 
ward from  the  funnel,  and  besides  giving  off  a  canal  to  the  tentacle 
{fg)  each  divides  dichotomously  twice,  first  into  interradial  and 
then  into  adradial  canals,  each  of  these  last  connecting  with  a 
meridional  vessel  running  just  beneath  a  row  of  combs,  nourishing 
them  as  well  as  the  gonads.  The  gonads  consist  of  two  bands,  one 
male,  the  other  female,  running  in  that  wall  of  the  meridional  ves- 
sel nearest  to  the  combs.  In  spite  of  their  position  they  are 
apparently  ectodermal  in  origin. 

These  gonads  are  regular  in  distribution,  those  of  two  vessels 
which  are  nearest  each  other  being  of  the  same  sex.  The  eggs  and 
sperm  pass  out  through  the  gastro vascular  system. 

The  few  species  of  the  group  are  divided  into  the  TENTACULATA, 
with  tentacles,  and  the  NUDA,  withont.  To  the  firat  belong  the  Cydip- 
PiDiE,  with  pear-shaped  bodies  (PleurobracJiia*  on  our  coast,  fig.  222),  and 
Hormiphora  {tg.  221);  the  IJOBKTM^Mnemiopsis*  Bolina*)^  with  lobes; 
and  the  band-like  Cestid-e  (Cesium^  the  Venus  girdle)  of  the  warmer 
seas.  The  BERom^  (Beroe,  Idyia*),  with  wide  mouth,  belong  to  the 
Nuda.  The  small  creeping  forms,  Cadoplana  and  Cteiioplana^  are  supposed 
by  some  to  form  a  transition  to  the  Turbellaria. 
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Summary  of  Important  Facta. 

1.  The  CCELENTERATA  (together  with  the  Echinodenna) 
were  formerly  called  Radiata  because  in  most  a  radial  form  of 
structure  is  present;  in  the  higher  groups  this  can  be  transformed 
into  biradial  or  even  bilateral  symmetry. 

2.  The  Coelenterata  are  sometimes  called  Zoophyta  (animal 
plants),  from  their  appearance  and  their  attachment.  In  many 
the  resemblance  is  heightened  by  their  formation  of  plant-like 
colonies  by  fission  and  budding. 

3.  The  name  Coelenterata  was  chosen  because  they  have  but 
one  system  of  cavities,  a  simple  or  ramified  digestive  sac,  repre- 
senting at  once  the  alimentary  tract  and  the  as  yet  undifferen- 
tiated body  cavity. 

4.  This  codlenteric  apparatus  is  called  the  gastrovascular  sys- 
tem because  its  branches  distribute  nourishment  to  all  parts  and  so 
perform  the  function  of  blood  vessels. 

5.  The  reproduction  is  either  sexual  or  asexual,  very  frequently 
cyclical  (alternation  of  generations). 

6.  The  animals  are  provided  with  nerves,  muscles,  and  sense 
organs  and  possess  marked  sensibility  and  mobility. 

7.  Especially  characteristic  are  the  tentacles  and  small  nettling 
organs,  the  cnidse,  in  special  cells. 

8.  Nearly  all  histological  differentiation  proceeds  from  ectoderm 
or  entoderm,  since  the  mesoderm  (mesogloea)  plays  but  a  subordi- 
nate r6le  and  usually  functions  only  as  a  support. 

9.  Four  classes — Hydrozoa,  Scyphozoa,  Anthozoa,  and  Cteno- 
phora  are  recognized. 

10.  In  Htdkozoa  and  Scyphozoa  there  are  usually  two 
alternating  generations,  the  sessile  asexual  polyp  and  the  free- 
swimming  sexual  medusa. 

11.  The  hydroid  polyp  and  the  craspedote  medusa  are  charac- 
teristic of  the  Hydrozoa. 

12.  The  hydroid  polyp  is  a  two-layered  sac  of  ectoderm  and 
entoderm,  a  supporting  layer  and  a  circle  of  tentacles.  In  the 
colonial  forms  there  is  usually  a  cuticular  envelope,  the  perisarc, 
secreted  by  the  ectoderm. 

13.  The  craspedote  medusa  is  bell-shaped,  with  smooth  bell 
margin,  its  aperture  partially  closed  by  a  diaphragm-like  velum; 
the  gonads  are  ectodermal. 

14.  The  medusie  arise  by  lateral  budding  from  the  hydroid. 

15.  If  the  medusa  remain  attached  to  the  parent  as  a  sporosac. 
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alteniation  of  generations  is  replaced  by  polymorphism;  it  can 
entirely  disappear  with  the  total  loss  of  either  hydroid  or  medusa. 

16.  The  scyphostoma  and  the  acraspedote  medusa  are  typical 
of  the  ScYPHOzoA. 

17.  The  scyphostoma  differs  markedly  from  the  hydroid  polyp 
in  the  presence  of  four  longitudinal  gastric  folds  or  septa  (taeniolse). 

18.  The  acraspedote  medusa  lacks  a  velum,  has  a  lobed  umbrella 
edge,  gastral  tentacles  (phacellse),  and  entodermal  gonads. 

19.  The  medusa  arises  from  the  polyp  by  terminal  budding 
(strobilation). 

20.  Alternation  of  generations  rarely  is  lost,  and  then  only  by 
suppression  of  the  scyphostoma. 

21.  The  Anthozoa  have  only  one  form,  the  coral  polyp;  it  is 
distinguished  from  the  hydroid  polyp  by  the  ectodermal  cesophagus, 
the  radial  septa  reaching  the  cesophagus;  the  well-developed 
mesogloea  and  the  gonads  which,  arising  from  the  entoderm,  early 
migrate  into  the  mesogloea. 

22.  Most  Anthozoa  are  colonial  and  produce  a  skeleton  usually 
of  calcic  carbonate,  but  sometimes  of  '  horny '  substance. 

23.  The  skeleton  may  be  either  axial  or  it  may  extend  over  the 
individual  polyps  (cortical  skeleton). 

24.  The  living  Anthozoa  are  divided  according  to  the  number 
of  septa  into  Octocoralla  and  Ilexacoralla.  To  these  are  added 
the  fossil  Tetracoralla. 

25.  The  Hexacoralla  have  numerous  tubular  tentacles  and  six, 
or  a  multiple  of  six,  pairs  of  septa. 

26.  The  Octocoralla  have  eight  single  septa  and  eight  feathered 
tentacles. 

27.  The  Ctenophora  are  always  free-swimming  and  have  a 
large  mesoderm  with  numerous  muscle  cells. 

28.  Kettle  cells  are  absent,  and  are  replaced  by  adhesive  cells. 

29.  Most  characteristic  are  the  eight  meridional  rows  of 
*  combs '  whose  motions  are  controlled  by  a  common  organ,  the 
sense  body,  constructed  like  an  otocyst. 

30.  The  digestive  tract  consists  of  an  ectodermal  oesophagus 
and  a  branching  system  of  entodermal  vessels. 


pr.A  TnaT.tiiiTTTijfa, 


PHYL1?M  TV.   PLATHELMINTHES  (FLATWORMS). 

This  group  is  well  characterized  by  the  name.  With  few 
exceptions  (rhabdoccelea,  many  trematodee)  the  nearly  flat  ventral 
Enrface  and  the  slightly  arched  back  are  closely  approximate  and 
pass  with  a  more  or  less  sharp  margin  into  each  other.  In  many 
cases  the  ventral  snrface  is  distinguished  by  its  lighter  color.  In 
all  the  bilaterally  symmetrical  body  is  composed  of  a  solid  paren- 
chyma, a  mass  of  connective  tissue  traversed  by  muscle  fibres,  in 
which  the  various  organs — ajimentary  tract,  nerves,  excretory  and 
reproductive  organs — are  imbedded.  In  the  lower  forma  the  di- 
gestive system  la  marked]  j  like  that  of  the  crclenteratos  (Actinozoa, 
Ctenophora)  in  that  there  is  bat  a  single  opening  and  this  leads  by 
an  ectodermal  cesophogus  (stomodteum)  to  the  iuterior.  In  para- 
sites the  digestive  tract  may  be  lost.  The  skiu  is  a  one-layered 
epithelium,  sometimes  ciliated,  sometimes  protected  by  &  thick 
cntioola.     Inside  thia  cornea  a  muscular  layer  (fig.  325)  in  whitdi 


Fio.  iSS.— Transrerse  section  (rUht  half)  nf  ■  Plansrian.    it  vitellarla:  dr.  d 


longitudinal  muscles  are  always  present,  and  in  addition  frequently  - 
circular  aud  oblique  muscles,  as  well  as  those  passing  from  dorsal 
to  ventral  surfaces.  The  nervous  system  (fig.  228)  consists  of  a 
pair  of  ganglia  (' brain ')  in  front  of  (i.e.,  above)  the  cesophagus 
and  longitudinal  nerves  leading  backwards  from  it.  The  excretory 
organs  (fig.  236)  are  composed  of  a  series  of  tubes,  the  protonc- 
phridia  or  '  water- vascular  system,'  which  branch  and  ramify  the 
parenchyma.  In  moat  the  sexes  are  united  in  one  individual  and 
the  reprodnctive  organs  take  up  considerable  space.  There  is  a 
small  paired  or  unpaired  ovary  and  vitellaria,  usually  paired  and 
branched.  The  eggs  arise  in  the  ovary,  and  to  these  are  added 
nourishment  in  the  shape  of  cells  (abortive  ova)  rich  in  yolk  from 
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the  vitellaria.  At  the  point  where  oviducte  and  yolk  ducts  nnite 
a  eiugle  egg  cell  together  vith  several  yolk  cells  are  united  into 
an  oval  body — the  compound  egg — protected  by  a  Bheil  secreted 
by  special  glands  (fig.  227,  A).  This  forms  only  an  apparent 
exception  to  the  rule  that  the  egg  is  hut  a  single  cell,  for  the 
development  shows  that  only  the  egg  cell  takes  a  direct  part  in  the 


Fio.  ESS.— Eicretorr  BTMem  of  Cercnria.   (Aft«f  Albert  LBiIib)   b,  limb  of  bladder : 

1.',  Hame  with  urinary  concretioiiB;  cc,  GollectinB  cauftl:  em  cwiala  of  Tentml 
sucker:  rr.  collecting  vacuole;  e.  eye;  ep,  eicretocy  pore;  I.  lumen  of  tall;  on,  oral 

Fia.  KT.— EsBS  of  ZXxliirnum  rUHruInnim.  (After  Schanin Bland.)  A.  before  dereloit- 
ment;  B,  later,  the  yolk  broken  down,  d,  yolk  cell» ;  el,  egK  cell ;  tK  ectoderm  ; 
en.  entoderm ;  |i,  pigment  spot. 

formation  of  the  embryo  and  is  the  true  ovum,  while  the  yolk  cells 
break  down  and  furnish  food  to  the  growing  embryo  (Sg.  227,  B). 

CUse  I.  Turbellaria. 
The  Turbellaria  are  small,  only  a  few  being  measured  by  inches, 
while  many  are  almost  microscopic  in  size.  The  name  Turbellaria 
lias  reference  to  the  currents  produced  by  the  ciliated  ectoderm 
which  covers  the  body,  the  cilia  arising  from  the  single  layer  of 
columnar  epithelial  cells  {fig,  58).  This  ectoderm  serves  at  once 
for  motion  and  for  respiration.  Most  species  are  aquatic  (fresh 
water  or  marine),  only  a  few  land  planarians  living  in  moist  earth. 
In  the  water  they  either  creep  slowly  over  etones  or  plants  on 
theirvontral  surface,  or  they  swim  freely.  In  swimming  the  larger 
species  progress  by  undulations  of  the  body,  the  smaller  by  moans 
of  the  cilia. 
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The  alimentary  canal  (gg.  328)  coQsistB  onlj  of  (Bsopha^oH 
(pharyBz)  and  mCBenteroQ,  the  latter  terminating  blindly  since  no 
intestine  or  snoe  is  proBent.  The  month  ia  on  the  lower  surface, 
at  Bome  distance  from  the  anterior  end,  being  occasionally  in  the 
middle  or  even  behind  the  middle  of  the  body  (fig.  231).  It 
leads  into  the  muscular  oesophaguB,  which  is  frequently  encloBed 
in  a  t^>ecial  sheath  and  then  can  be  protruded  like  a  proboscis. 


FlO.    X28.— Digest!  TO   and    nervoDB    sratemi    of    ^ndirlidiuni    peHucidam.     (After 

Wbeeler.)    □,  alimentary  tritct:  b.  bnlo :  In,  longltndlDal  (ventral)  nervea;  m, 
marglniil  nerve:  jit,  longitudlnel  nerve  of  pharynx:  pr,  ring  nerve  of  pbaiyni; 
(n,  transverse  nerve ;  u,  uterine  ostium. 
Fio.  Sn.—J^Iiic^ixrw  eaudalju.    (After  Mark.) 

The  mesenteron,  of  entodeimal  origin,  varies  greatly  in  shape,  its 
modifications  being  made  the  basiB  of  diviEion  of  the  class  into 
orders.  In  the  Polycladidea  there  ia  a  central  portion  from  which 
nnmerona  branched  cteca  are  given  off;  in  the  Tricladidea  there 
are  three  main  trunks,  each  with  lateral  ctecal  diverticula;  while  in 
the  Bhabdocoelida  the  digestive  tract  ia  a  simple  rod-like  sac,  in 
some  cases  ( Accela)  without  interna!  cavity.  The  supra-ossophageal 
ganglia  always  lie  at  the  anterior  end  of  the  body,  which  is  most 
sensitive,  and  may  be  produced  into  feeler-like  procesBes.     This 
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region  tisaaUy  bears  two  or  more  simple  oyes,  and  in  a  few  a  single 
otocyst. 

Id  manj  Tnrbellaria  nettle  cells,  like  those  of  the  Coelenterata, 
occur  in  the  skin.  Much  more  common  are  the  rhabditea,  small 
rods  which  arise  in  epithelial  cells  which  Hometimes  project  like 
glands  into  the  mesoderm.  Those  rhabditea  occnr  in  the  shiny 
tracks  which  the  animals  leave  in  creeping. 

The  hermaphroditic  sexual  organs  (fig.  73)  and  the  excretory 
system  vary  considerably  in  the  separate  orders  and  families.  The 
eggs  are  usually  very  large  and  are  fastened  by  a  stalk  to  water 
plants.  Many  species  form  a  sort  of  cocoon,  containing  a  few  eggs 
and  numerous  yolk  cells.  In  tbe  marine  species  a  free-swimming 
larva  (fig.  230)  with  lobe-Uke  processes  may  hatch  from  the  egg. 


Fi«.  880.— Larva  of  Slyloihia 
onteron;  Eh,  r 

This  larva,  by  a  metamorphosis,  is  converted  into  the  creeping 
adult.  Not  infrequently  besides  the  sexual  asexual  reproduction 
occurs.  The  Microstomidie  and  some  Planan'm  are  capable  of 
transverse  division,  and,  when  well  nourished,  by  rapidly  repeated 
divisions  will  form  chains  of  individuals  arranged  in  a  row,  separii- 
tion  taking  place  gradually.  For  each  posterior  individual  a  new 
brniu  and  a,  new  oesophagus  are  formed  (fig.  58).  The  Turbellaria 
possess  the  power,  to  a  marked  degree,  of  reproducing  lost  parts, 
which  makes  them  favorites  for  regeneration  experiments. 

In  a  few  TiirbellRria  there  in  n  noteworthy  condition  of  tlie  digestive 
organs.  The  pharynx  connects  with  au  eiitoderuial  syncitiuro,  a  pralo- 
plasmic  mass,  without  lumen,  containing  nuclei  in  which,  ns  in  the  pro- 
toplAsm  of  a  protozoan,  the  food  is  digested.     This  entoderm  is  hardly 
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marked  off  from  the  mesodmm,  but  it  U  a  qaestion  whether  these  ' Acoela ' 
are  primitive  or  degenerate. 

Order  I.  Polydadideft. 

Uariue  species  of  considtiruUle size,  in  which  the  digestive  offioa  spring 
from  a  central  chnml)er.    Species  of  LepCoplana  and 
Stylochua  on  onr  shores,     Thysanozooit,  Europe. 
Order  n.  Tricladidu. 

Alimentary  canal  with  three  main  trunka,  an  anterior 
unpaired  and  a  pair  of  posterior  branches,  arising  from 
tlie  pharynx.  Tliese  trunks  bear  lateral  cteoal  biiinches. 
Among  tlie  marine  genera  are  Bdelloura  *  and  Synax- 
Odium  *  (Bg.  238)  <piirasitio  on  Limulus).  &unda»  Poly- 
chocrus  •(dg.  339);  in  f resh- water  occur  Pwi<iro«eii»m,* 
Pianaria,*  and  Polijsixlia.*  Phagocata  "  witli  divided 
pharynx.  Tlie  l;md  planarians  {Bipaliam*  10  or  13 
inches  lotii;)  are  tropical,  but  liave  been  introduced 
into  greeiiboudcs  in  varioud  i>artd  of  the  country. 
Order  IQ.  Bhabdoccelida. 

Small,  even  microaoopic,  in  sizp,  and  recalling  in  Fio.sai.— oundn loho- 
habits  and  appearance  tiie  Infusoria;  alimentary  canal  p,  OBreb/al  ga™Bl1ti, 
rud-like,  without  brandies.  Monops*  and  Monoscelis.*  Zmimtb^Titnn^B 
marine.  Tlie  fresh-wnter  Microstohid£  reproduce 
almost  exclusively  by  fission,  so  that  sexual  individuals 
are  rare. 


;>.  Renltal  pore  wltt 
bind,    female     Ic 


Class  II.  Trematoda. 
These  are  exclusively  parasitic,  some  living  on  the  skin  or 
gills  {ectoparasites)  or  in  the  interior  of  other  animals  (entopara- 
sitea).  In  structure  fchey  are  closest  to  tlie  triclad  Tnrbellaria, 
from  which  they  are  especially  distinguished  by  characters  the 
direct  result  of  their  parasitic  life.  Thus  they  have  lost  the  cilia 
or  these  only  appear  in  the  aquatic  larva!  stages.  On  the  other 
hand  they  are  armed  with  structures  derived  from  the  skin  — 
suckers  and  hookB— for  adhesion  to  the  host.  The  suckers  are 
shallow  pits  of  columnar  epitheliam,  lined  with  cuticle  and  fur- 
nished with  a  thick  muscular  layer  which  by  its  contraction  increases 
the  Inmen  of  the  sucker,  the  edges  of  which  are  closely  applied  to 
the  host.  At  least  one  such  sucker  is  present;  if  but  one  or  two 
(entoparssites),  one  is  at  the  anterior  cud  (dral  sucker)  and  sur- 
rounds the  mouth,  while  a  second  larger  sucker  may  occur  near  the 
mouth  (fig.  232),  but  may  be  {Amphistomum')  at  the  posterior  end. 
In  the  ectoparasites  there  are  a  pair  of  anterior  suckers  near  the 
mouth;  at  the  posterior  end  a  single  sucker,  or  a  number  of  suck- 
ers or  hooks  or  both  on  a  sucking  disc  (fig.  234). 
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Other  Tfisnlts  of  parasitiam  are  the  weak  derelopmeiit  of  sease 
organs  and  brain  and  a  tendeac;  to  development  of  acceBsory 
ganglia  near  the  adhesive  orgsne.  Eye  spote  (tvo  to  four)  occar 
occasionallj  in  the  ectoparasitic  species  and  in  the  larvfe  of  the 
entoparaaitic,  rarely  in  their  adult  condition.  The  alimentary  tract 
is  forked  (fig.  333)  and  occasionally  (fig,  332)  has  dendritic  blind 
sacs.  To  parasitism  may  also  be  attributed  the  great  development 
of  the  sexual  organs,  which  at  maturity  fill  a  great  part  of  the  body. 
Theirfeatures  maybe  seen  iu  fig.  333.    Two  vasa  deferentia  pass  for- 
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r,  clrnis.  bonenth  It  the  opening  of  the  oviduct ;  d, 
""  -'--"  ---  "         -aiiglHin;  h,l* 


vltellnrlH.  the  ducts  leadlns  to  the  shell  kIa'kI  ;  s.  gatiBlton ;  h.  tr«tea  with  ducts 
toclrrua;  I.  Laurer's  canal :  o.  ovary,  the  shell  gland  hehlTid  It:  >'.i".anti-' 
and  median  Backere.  the  |ihar]-nx  and  tlie  bifurcated  dlKsntlve  trart  lea 
from  «■;  'i,  ntems;  ic,  terminal  vesicle  o(  water- vascular  (excretoryl  aystem. 


ward  from  the  testes  (k),  unite  and  form  a  seminal  vesicle.  The 
terminal  portion  of  the  united  ducts  can  be  protruded  as  a  penis 
or  cirrus,  armed  with  retrorae  hooka.  It  is  usually  enclosed  in  a 
*  cirrus  pouch.'  The  ovary  (o)  is  very  small  and  produces  small 
e^8,  deficient  in  yolk;  hence  the  vitellaria  (d)  are  well  developed. 
The  ducta  from  these  unite  with  the  oviduct;  producing  the  uterus 
(u),  which  receives  the  eggs,  is  much  convoluted,  aud  empties  beside 
(in  some  species  in  a  common  antrum  with)  tho  male  sexual 
opening.  The  first  part  of  the  uterus  is  called  the  ootype  beeauaa 
here  the  eggs  aiid  yollr  cells  are  formed  into  eggs  (fig.  337)  and 
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enclosed  in  a  ehell  with  a  lid  or  cover.     A  second  duct — lAurer's 
canal — goes   from  the  oviduct  to  the  dorsal  surface.     In  many 
Polystomeae  the  canal  is  double   (fig.    234,  sw)  and  is  connected 
vith  copulation,  but  in  the  Distomes  it  is  rudimentary  or  lacking 
and  the  opportunities   are  present  for 
self-impregnation.      >[any    Trematoda 
have    a   third  canal — the  vitello-intea- 
tinal   duct — leading    to    the   digestive 
tract. 

The  Trematodes  fall  into  two  great 
groups,  the  PolystomeK,  largely  ecto- 
parasites, and  the  Distomeee,  exclu- 
sively entoparasitic.  the  distinctions  in 
parasitism  being  correlated  with  differ- 
ences in  structure. 

Order  I.  Polyitomue 
(■onoEenM,  H«torocotylM). 

Most  PolystomeB  live  on  aquatic 
animals — usually  fish,  rarely  cmstacea, 
where  they  attach  themselves  especially 
to  the  thin-skinned  and  richly' vascular 
gills.  Since  as  ectoparasites  they  are 
exposed  to  more  dangers,  their  adhesive 
organs  are  stronger  than  in  the  ento- 
parasites.  So  while  the  anterior  suckers 
are  weakly  developed,  in  some  cases 
absent,  the  hinder  end  bears  sometimes 
only  a  single  sucker,  but  osually  a  large 
adhesive  disc  armed  with  many  suckers 
and  hooks.  The  transfer  of  Poiystomea 
from  one  host  to  another  presents  few  '^«-    '®*--7.-^''"'2™^™    f*''0^ 

,       ,.       ,  limum.    (After  Zellcr.l    Abovo 

difficulties  and  hence  the  life  history  is     *""  indiyiduaia  lu  cnpuintiim ; 

without    complications.         The     stalked      i*.    dipeBtlTe    tr»ct,    distended 
^^    K      ,  ^,  ,,  ,       with  blood;  rfs.  yolk  duct;  dMt, 

eggs  are  attached  near  the  mother  and  Tit«iiarium:ffp,Benitaipore;  n, 

produce  larvte,  which  soon  after  hatch-  pK  ()hfti^n^''™''ovAr™r''"''l 

ing  have  the  adult   form    (hence  the  rute'^X^I.";^:  ^^l-ti 

name  Monogenea).  tl^^^^'  ''  "t.ii^inte.tinai 

Tlie  American  species  have  been  scarcely  touched,  hence  most  of  our 
knowledge  is  o(  European  species.  Oprodactylut,  parasitic  on  the  gills  of 
Ihe  carp,  is  inlereeting,  since  it  brings  forth  living  jonng  which,  even 
before  birth,  produce  a  new  generation  in  their  interior.  More  striking  is 
IHJUozoim  paradoteum(g\\\&  of  Cyprinoida),  which  owes  its  name  to  the 
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fact  that,  at  the  time  of  sexual  maturity,  two  individuals  become  fused 
like  Sinmeee  twins  (f)g.  109).  The  young,  described  under  the  name 
IHporpa,  escape  from  the  eggs  and  only  unite  Inter.  Ench  has  a  wmmA 
sucker  and  a  dorsal  papilla.  When  they  unite  each  of  the  pair  seizes  itie 
papilla  of  the  other  with  the  sucker,  and  then  the  two  grow  togeilier  m 
that  ttie  male  opening  of  one  comes  opposite  the  female  opening  of  the 
other.  PUyatomum  integerrimum  of  the  frog  (&g.  234)  affords  a  transition 


FlO.  !116.-A.  Piilffilomum  iKir^tll.'  (utter  Uoi 
S,  AftnlhiKiitule  vrniUi'  (after  Ooto),  Irom  Bkat 
von  Nordmaiin). 

to  entopnnisitism.  At  first  it  lives  on  gills  of  the  tadpole,  bitt  at  the  time 
of  metamorphosis  it  is  forced  to  leave  this  place  and  puss,  by  way  of 
the  alimeutary  canal,  to  tlie  urinary  bladder.  The  TEM.NOCEPHiLiD.E  of 
warmer  regions  axu  partially  ciliated,  and  have  from  four  to  tweiie 
anterior  tentacles  and  a  posterior  sucker.  Tliey  are  parasitic  on  criisiacen. 
mollusfs,  and  turtles,  and  are  regarded  liy  some  as  a  distinct  onler. 
American  genera  of  Polystomese  are  EpibdelUi,  Fbtystomum,  TrUtoiw. 
Sphj/ranura,  Jticrocotyte. 

Order  n.  Diatomes  (Dlgenea). 

The  entoparasitic  TrematodcB  occtir  largely  in  the  digestive 

tract  and  its  appendages;  more  rarely  in  blood- vessels,  urogeuit&l 

organs,  and  cixlom  of  vertebrates  and  other  animals.    As  inhabitants 

of  the  dark  they  have,  with  few  exceptions,  lost  the  eyes,  which 
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appear  in  larval  life,  and  not  alwajs  then.  Since  not  exposed  to 
danger  of  being  pulled  from  the  host,  thej  possesB  either  the  oral 
Backer  alone  (Monostomnm)  or  this  and  a  second  ventral  sucker, 


Fio.  as.— Development  of  Diilnti\ 

■rt.)    A.  voung  larva;  B.  apt „  „.  „ „    .    „„„-, 

with  redtffl,  D,  redla  n-hlch  has  prodnoed  rediee  Internally :  E,  reflla  with  cer. 
carlie:  F.  cercarls ;  n.  encfsted  Inafomiini.  ^.eyespnt;  I)  dlsentive  tract'  D<- 
Klanda;  Ex.  ciliafed  lobules  and  main  tranks  of  cicretory  Bvutetn  :  U,  birth  open'- 
Ing ;  Kt.  germ  eella  T  ft",  nervous  ajBtem. 

and  only  rarely  other  attaching  apparatns.  They  are  markedly 
separated  from  the  Polyetomes  by  tbeir  life  history.  The  alterna- 
tion of  boats  necessitated  by  the  endoparasitic  life  is  complicated 
by  an  alternation  of  generations  (better  heterogony,  p.  145)  with 
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metamorphosis.       To   illustrate   this   the    history    of  Distomum 
Jiepaticum  of  the  sheep  is  chosen  (fig.  236). 

The  eggs  leave  the  maternal  uterus  before  embryonic  develop- 
Tnent  is  begun,  pass  down  the  bile  ducts  and  thence  by  the  intes- 
tine to  the  exterior.  They  must  come  into  water  and  repiain  hero 
awhile  before  the  ciliated  larva  (*miracidium/ yl)  escapes  by  a 
lifting  of  the  lid  of  the  shell.  This  larva  bores  its  way  into  a 
small  snail  (sp.  of  LimncBa)^  wherpit  grows  into  a  *  8poroc}^t'  {B). 
The  sporocyst,  a  muscular  sac  with  protonephridia  but  lacking  all 
other  organs,  produces  in  its  interior  eggs  which  develop  into  a 
second  reproductive  sac,  the  *redia'  (Z)).  These  are  distinguished 
from  the  sporocysts  by  the  possession  of  pharynx  and  a  tubular 
intestine  as  well  as  a  birth-opening  for  the  escape  of  the  young  pro- 
duced inside.  According  to  the  season  these  young  are  either 
*cercari»'  (F),  or  several  generations  of  redias  may  follow  before 
the  cercariae  appear.  The  cercariae  are  adapted  for  an  aquatic  life, 
since  each  has,  besides  the  characteristic  organs  of  a  Distomtnn 
(genitalia  excepted),  a  strongly  vibratile  tail.  The  cercariaB  escape 
from  the  snail,  swim  about  in  the  water  until  the  tail  drops  off, 
when  they  encyst  on  water  plants.  When  these  encysted  young 
are  eaten  by  sheep  along  with  the  vegetation,  infection  follows. 

In  general  it  can  only  be  said  of  the  life  history  of  other  Trematoda 
that  the  miracidia  must  penetrate  a  mollusc,  and  that  the  different  species 
tiavo  many  modifications  :  (1)  Ordinarily  development  begins  in  the  ma- 
ternal uterus.  (2)  Many  miracidia  are  naked  or  only  partly  ciliated.  (3) 
In  many  species  the  miracidia  only  batch  when  the  egg  is  taken  into  the 
stomach  of  a  snail  along  with  food.  (4)  Very  frequently  the  cercaria 
piisses  from  the  water  into  a  new  host  (mollusc,  arthropod,  or  vertebrate) 
and  becomes  encysted  here.  In  such  cases  there  are  three  hosts  in  the 
cycle.  (5)  On  the  other  hand  the  history  may  be  simplified,  as  when  the 
sporocyst  in  the  snail  produces  directly  *  cercariae  without  tails '  (i.e.,  small 
JH8toma)y  which  only  need  to  be  eaten  by  the  definitive  host  to  reach  the 
sexually  mature  condition.  (6)  It  is  doubtful  if  the  sporocyst  may  be 
omitted  and  the  miracidia  develop  directly  into  redia. 

As  the  adjacent  scheme  shows,  the  typical  development  is  distributed 
among  three  hosts  by  the  intercalation  of  a  second  aquatic  interval.  It 
consists  of  two  generations  ;  one  extends  from  the  fertilized  egg  to  the 
sporocyst,  the  second  begins  with  the  unfertilized  e^g  of  the  latter  and  de- 
velops, through  the  cercaria  and  the  encysted  Distomum^  into  the  sexually 
mature  individual.  There  is  no  sexual  reproduction  by  fission  or  budding, 
Tather  an  alternation  of  sexual  and  parthogenetio  generations  or  heter- 
•ogony.  Columns  a  and  c  show  how  the  history  maybe  simplified  and  com- 
plicated. 

Best  known  of  the  DistomeaB  are  the  following:  Distomum  (Fasciolaria) 
hepaticum^  the  liver  fluke  (fig.  232),  about  the  size  and  shape  of  a  pumjv 
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(twenty  known  i 


1  the  bile-ducls  of  sheep,  cows,  pigs,  etc.,  and  r 
;)  of  man.     It  stops  up  tlie  ducts  and  causes  a  di 
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j)  Ordinary  (e)  Complicated 
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knoM'ii   as  'Hver   rot,'  generally    resulting    Id  death.    Tbe   history    a» 
deseribednboveshowa  why  sheep  pasluieil  in  moiat  places  are  subject  to 
Ibo  disease,  and  why  wet  seasons  are  times  o(  epidemics.     Thus  iu  thft 
rainy  year  of  1830  about  one  and  a  halt  mil- 
lions of  sheep  were  killed  in  EngUnd  ;  in 
1813,  aoO,000  in  tbe  neighborhood  o(  Aries, 
France.     This  species  is  frequently  accom- 
panied by  D.  Umceolatuin,  less  than  half  an 
inch  in  length  (fig.  238). 

liilharzia  hamalobia  is  a  human  parasite, 
most  common  in  hot  climates,  and  especially 
so  among  tlie  F(.-llabiu  of  Egypt.  The  BC.xes 
are  sepiirate.  The  male,  half  an  inch  long,  by 
iiirolling  of  ihe  veninil  side  (flg.  237)  forms 
an  incomplete  cannl  (canalis  gjiiacop horns) 
ill  which  (be  more  slender  female  usually  lies. 
These  uniled  worms  occur  in  tbe  portal  vein 
anil  connected  vessels.  They  follow  these 
vefSeU  in  ciilier  direction  and  lay  their  eggs 
in  the  mncous  membrane  of  tbe  ureters  and 
urinary  bladder,  as  well  as  in  liver  and  intes- 
tine. The  suppurative  sorca  of  Iho  urinary 
tract  cnuse  albuminuria  or,  by  bemor-  , 
linge,  htemnturin.  Diagnostic  of  tbe 
ease  is  tbe  presence  of  tbe  eggs,  each  with  a  anterior  and  postsrlorBuckers; 
spine,  in  the  urine.  Several  other  species 
occur  in  man,   among  them  D.   camosum*  and    D,   wettermanni*  in 
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America.  Other  species  occur  encysted  in  man,  two  ( D.  opMTudmobius  and 
Manostomum  lentia)  in  the  capsule  of  the  lens  and  in  the  lens  itself.  The 
genus  Ainpliistomuin  is  common  in  the  intestine  of  Ungulates,  one  species, 
A.  homifiis,  occurring  in  man.  With  few  exceptions  the  adult  stages  of 
all  Distomes  occur  in  vertebrates,  the  larval  stages  in  molluscs.  Aquatic 
birds  are  very  apt  to  be  infested  with  them,  and  **  it  may  be  of  interest  to 
gourmets  to  know  that  the  trail  of  a  woodcock  largely  consists  of  distomic 
Trematodes." 

Class  III.  Cestoda. 

The  majority  of  the  cestodes,  and  especially  those  of  the  human 
intestine^  are  distinguished  from  the  Rimilarly  entoparasitic  trema- 
todes  in  a  striking  manner.  But  the  boundaries  between  the  two 
groups  disappear  in  certain  forms  like  Archigetes,  Caryophyllmts, 
and  Amphlllnay  parasitic  in  lower  vertebrates  or  invertebrates  and 
which  are  now  assigned  to  the  trematodes,  now  to  the  cestodes. 
The  most  important  character  of  the  cestodes  is  that  as  a  result  of 
their  parasitic  life  they  have  lost  the  last  traces  of  an  alimentary 
canal,  and  are  nourished  by  the  juices  or  the  partially  digested 
food  of  the  host,  since  the  fluid  nourishment  is  taken  in  through 
the  skin  into  the  body  parenchyma.  It  is  a  disputed  question 
whether  the  cuticula  of  the  surface  is  penetrated  with  pores  for 
this  purpose. 

Two  other  characters  are  so  striking  that  they  are  among  the 
first  thought  of.  (1)  The  differentiation  of  two  developmental 
stages,  the  bladder  worm,  or  cysticercus,  living  chiefly  in  paren- 
chymatous organs  (muscles,  liver,  brain),  and  the  sexually  mature 
animal,  living  as  a  parasite  in  the  alimentary  tract;  (2)  the  division 
of  the  body  of  the  adult  into  different  parts,  the  head  or  scolex, 
and  following  this  a  series  of  joints  or  proglottids.  Since  this  last 
feature  holds  for  all  human  tapeworms  and  hence  for  the  best 
known  species,  the  following  description  begins  with  these  typical 
forms. 

'J' he  sexually  mature  tapeworm  or  strobila  (fig.  238)  consists  of 
a  single  scolex  in  front,  and  behind  this  follow  in  a  single  row  the 
proglottids.  The  number  of  these  last  varies  from  smaller  forms 
{TcBuia  echinococcusy  fig.  252)  with  three  or  four  to  several  hun- 
dreds or  even  several  thousands,  a  fact  which  speaks  for  the  enor- 
mous size  of  some  species.  The  proglottids  are  derivatives  of  the 
scolex,  from  the  hinder  end  of  which  they  become  separated  by  a 
kind  of  budding.  This  explains  the  well-known  fact  that  the  body 
is  not  rid  of  the  tapeworm,  so  long  as  the  head  remains  in  the 
host.     It  also  explains  the  peculiar  shape  of  the  worm,  which  is 
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almost  thre&d-like  in  front,  increafling  posteriorly  to  a  broad  band, 
whence  the  common  name.  At  first  tho  proglottids  are  Bmall; 
they  increase  by  individual  nourishment  to  considerable  Eize,  and 


Tib.  tK.—Trtnia  matnata.    ITrom  Bout,  after  I.eni\l[art.)    Head  with  series  of 
Elott  Ids  taken  from  varloae  rectons  of  the  stroblls. 
^  „^     V- . .  .. ^_    (juterTower.)  a,  Buckera ;  «,  eioretorjr  tu 


separate  from  the  binder  end  of  tbe  chain  and  live  separately  when 
a  certain  measure  of  development  is  reached.  For  example,  the 
jonng  proglottids  of  the  human  tapeworm,  Tania  solium,  are  0.5 
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mm.  broad  and  0.01  mm.  long;  the  ripe  proglottids  at  the  end  are 
elongate  oval,  5  mm.  broad  and  12  mm.  (half  an  inch)  long. 
•  Head  and  proglottids  have  certain  common  characters.  Their 
connective-tissue  parenchyma  contains  numerous  spherical  con- 
cretions of  lime,  and  consists  of  cortical  and  medullary  sub- 
stance. The  first  contains  to  a  marked  degree  the  muscles,  tlic 
latter  the  other  organs.  Nerves  and  water-vascular  system  extend 
through  the  whole  length  of  the  worm.  In  the  head  is  the  paired 
cerebral  ganglion  of  the  fiatworms  (fig.  239),  sometimes  fused  to  & 
single  mass  by  the  great  development  of  the  commissure  or  partially 
concealed  by  accessory  parts  connected  with  attachment  (fig. 
242).  From  the  brain  two  principal  nerves  run  backwards,  usually 
near  the  edges  of  the  proglottids  (fig.  244,  N).  The  water- vascu- 
lar (excretory)  system  begins  with  a  capillary  network  richly 
provided  with  fiame  cells.  It  extends  through  head  and  proglottids  ; 
usually  four  main  trunks  are  present,  two  being  less  developed  and 
it  is  possible  are  sometimes  absent.  The  two  chief  trunks  are  fre- 
quently connected  by  a  cross-trunk  on  the  hinder  margin  of  each 
proglottid  (fig.  244).  The  system  opens  on  the  posterior  edge  of 
the  last  proglottid,  but  accessory  mouths  may  occur  on  other 
proglottids. 

The  scolex  and  proglottids  are  distinguished  by  the  facts  that 
the  proglottids  contain  the  sexual  organs,  while  the  scolex  bears 
the  anchoring  apparatus,  for  the  latter  has,  besides  producing- 
proglottids,  to  fasten  the  worm  in  the  intestines.  Most  important 
of  the  adhesive  organs  arc  the  suckers  (acetabula) ;  less  important 
are  the  hooks,  which,  in  numbers,  are  either  arranged  in  a  circle  or 
are  borne  on  protrusible  and  retractile  probosces  {?ig.  240-242). 

When  a  circle  of  hooks  is  present  it  is  on  the  anterior  end  and  is  moved 
by  a  special  apparatus,  the  rostellum.  Tiiis  is  a  plug  of  complexly  arranged 
muscles  (fig.  242)  which  can  arch  and  flatten  the  central  area.  In  many 
species  the  arching  is  increased  by  a  muscular  sheath,  the  flattening:  hj 
retractors.  Each  hook  has  its  point  outwards  and  its  base  with  two  roots, 
one  of  which  rests  on  the  rostellum;  the  protrusion  of  the  rostellum  forcea 
the  points  outwards  into  the  mucous  membrane  of  the  intestine.  In  some 
TcenicR  without  the  circle  of  hooks  (71  saginata)  the  rostellum  is  replaced 
by  a  sucker-like  depression.  Since  the  rostellum  arises  in  development 
from  a  similar  cup,  it  may  be  a  modified  apical  sucker,  but  it  is  doubtful 
how  far  comparisons  may  be  made  with  the  oral  sucker  or  the  alimentary 
tract  of  the  trematodes. 

The  sexual  organs  are  hermaphroditic  and  are  present  in  num- 
bers equal  to  those  of  the  proglottids,  so  that  these  were  formerly 
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regarded  as  sexual  individuals  of  a  colony,  each  with  its  own 
reprodnctire  apparatus.  Two  types  must  be  recognized.  In  tlie 
one  the  presence  of  vitellaria  and  the  separate  openings  of  uterus 
and  vagina  recall  the  conditions  in  trematodes,  while  in  the  second 


La  tit  the  pro ba«c Idea 
la  or  action  of  ru«te 
.  the  loft  retracted. 


Right  only  vltel- 

-■hthe  vapba:  da, 

7;  1^,  shell  gland; 


the  uterus  ends  blindly  and  the  vitellarifi  are  modified  into  a  small 
albumen  gland.  Since  yagina  and  vas  deferens  almost  always  open 
together,  self- impregnation  is  possible.  Besides  croas-fertilizution 
of  separate  proglottids  has  been  seen.  The  general  features  of  the 
two  types  may  be  made  out  from  figures  243  and  244,  reference 
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Fio.  SM.-PiWKlottld  of  Tania  tan'i"!';  new  nuitnrlty.   fAftar 

(heatli;  ><1.  vltelUrlum ;  ■■ '— ' "^ '■  '■ 

oD,  ovarr ;  ri,  receptaoDln 


Benltal  pore:  A,  nerve  cord:  AVpk,  eicnitoiT  nuial ; 
I  KmlnUi  lit,  Bhell  glandi  (,  t«H««i  k,  nterai;  ai,  Tka 


la.  MI.—GKKB  of  parasiMs  from  the  bnman  Intestine.  enUTKedlOOdlunetora.  (From 
Leuckort.)  a.  .^Jjenru  Iuni*nr<jMc»;  ft.  r.  Oiwiirn  uermicuJari*;  rf.  TnckncephahtM 
dirpar;  e,  I>cKAmjuj  duiKJcniilit.'  /.  Ditlomun  hrpnticum;  g,  DM.  luHCailatum;  h, 
Tixnia  tolium;  ■',  T.  taginala;  fc,  Bolhrioeephalnt  fafut. 
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being  made  to  the  deecriptioD  of  the  orgaoB  in  the  trematodes  (p. 
272). 

The  difference  in  the  sexual  apparatus  has  its  influence  on  the 
peculiarities  of  the  egg  (flg.  345).  In  Boihrtocephalus  it  is  large 
(k),  has  a  toQgh  shell  with  a  lid,  and  encloseB  a  email  egg  cell 
with  numerous  yolk  cells.  The  eggs  of  Tania  (A,  i)  are  small, 
with  a  layer  of  albumen  and  a  delicate  shell  which  is  loet  early.  It 
is  replaced  by  an  embryonic  shell,  a  radially  striped  envelope 
secreted  by  the  embryo  in  a  somewhat  advanced  stage.  It  is  in 
this  condition  that  one  usually  sees  Tieuia  eggs. 

A  further  consequence  is  a  difference  in  development.  In  most 
Bothnocephalidn,  as  in  the  Trematoda,  the  egg  must  enter  the 
water  for  ita  further  development.  Here  a  ciliated  oval  larva 
escapee  which  contains  a  six-hooked  larva  (oncosphara,  Hg.  246). 


The  ciliated  envelope  is  temporary  and  is  cast  off  like  the  ciliated 
coat  of  the  trematode  larva.  The  six-hooked  larva  in  some 
nnltnown  way  enters  a  fish,  becomes  encysted  (pleurocercoid)  in 
niQBcles  or  viscera,  and  changes  directly  into  the  head  of  a  Both' 
riocephalug.  This  on  being  taken,  in  feeding,  into  the  intestine 
of  the  proper  boat  develops  into  the  adult. 

The  longer  and  better  known  history  of  the  Tmmaa  differs  con- 
wderably.  The  distinctions  are  early  recognizable,  since  the  six- 
booked  larva  lacks  the  ciliated  envelope  but  is  enclosed  in  its 
homologue,  the  embryonic  shell  already  alluded  to.  Since  this 
envelope  cannot  open  of  itself,  the  young  must  be  freed  from 
'^  ^7  its  digestion  in  the  stomach  of  the  proper  intermediate  host. 
TboB  the  eggs  of  Tania  solium  must  pass  into  the  stomach  of  the 
pig  (they  are  taken  by  admixture  of  the  food  with  embryos  con- 
t^ned  in  fscal  matter)  and  after  being  freed  from  their  shell  in 
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the  stomach  the  larrre  with  their  ei:  books  bore  throngh  the  intes- 
tinal wall  and  migrate,  using  the  blood-vessels  in  their  course,  into 
the  mnecles,  or  more  rarely  other  organs.  Here  they  develop 
into  bladder  vorms  (cysticerci).  In  this  they  become  oval  and 
secrete  a  cyst  to  vhich,  as  a  foreign  body,  the  pig  adds  an  envelopo 
of  connectiTe  tiseae.     The  cjeticercnB  blastema  grovrs  througli 


i 


FiO.  a7.— Stnictare  Mid  development  of  the  cfsticercnB  (C.  cellaloMB  of  Taitla 
(oliunii.  a.meaal;  meat,  natural  Bize;  beloiraD  escaped  CTstloercus;  b,  cyatloer- 
cua,  with  exeerted  ecolei.  enlareed;  c-e.  development  of  the  scolei.  more  en- 
larged ;  c.  Toung  cystlcercus  with  blastema  ol  scolex  (abovei  and  water- vaacular 
Det;  d.t.  different  BtageH  of  Bcolei  In  receptaculum,  the  CTsClcercal  wall  mustlr 

increase  of  cells,  but  more  by  the  infiltration  of  serous  fluid,  so 
that  it  becomes  distendcil  into  a  delicate  translucent  vesicle.  So 
abundant  can  this  be  that  in  T.  solium  the  microscopically  small 
embryo  can  grow  in  three  or  four  months  to  the  size  of  a  bean  or 
pea;  in  other  species  as  large  as  a  ben's  egg.  By  invagination  the 
wall  of  the  bladder  produces  tbe  blastema  of  the  scolex  (fig.  247,  c). 
This  has  at  first  a  sac-like  shape,  but  soon  increases  in  length,  its 
growth  being  confined  by  an  envelope,  tbe  receptaculnm  (t/),  eo 
that  it  is  bent. 

At  tbe  apex  of  this  blind  sac  arises  the  characteristic  armatnre 
of  the  scolex  which  makes  it  poasiblo  to  say  what  tapeworm  will 
come  from  tbe  cysticerciis.  Thus  in  T,  solium  there  are  four 
Buckers  and  a  crown  of  hooks.     These  parts  are  at  first  inverted 
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and  only  come  to  their  definitive  positioii  on  the  ontside  of  the 
scolex  -when  the  latter  ia  protruded  as  one  would  turn  out  the 
finger  of  a  glove.  The  further  development  follows  when  the 
cjBticercus  is  taken  into  the  stomach  of  the  new  host.  When 
mBD,  for  instance,  eata  infected  ('measly')  pork,  the  cyst  icerci  are 
freed  by  action  of  the  digestive  juices  and  later  the  scoles  is 
everted.  The  embryo  passes  to  the  intestine,  becomes  attached 
and,  Burrounded  by  nourishment,  begins  to  grow,  the  bladder 
remaining  attached  to  the  hinder  end,  and  soon  the  formation  of 
proglottids  begins  in  the  middle  piece  connecting  the  bladder  with 
the  scolex.  So  rapid  is  the  growth  that  in  ten  or  twelve  weeks 
Tania  solium  begins  to  set  proglottids  free. 

In  cftses  where  tlie  bladiler  reaches  a  considerable  size  it  has  the  power 
of  producing  more  Ihan  a  single  scolex.  The  bladder  of  Ccettin-us  cerebralis, 
which  livtiB  ia  the  brain  of  nlieep.  produces  Luudreds  of  ucolices.  Tbe  num- 
ber is  even  greater  in  Tienia  echinococeua,  in  wbich  the  bladder  increases 
by  budding  for  some  lime,  and  by  (he  formation  of  numerous  daughter 
bladders  produces  marked  tumors  iu  the  liver  of  man  and  domestic  animals, 
before  the  formation  of  scolicea  twgins.  In  the  interior  of  each  daughter 
vesicle  appear  a  number  of  brood  vesicles,  each  of  wbich  produces  numbers 
of  Bcolices,  so  that  from  a  single  six-hooked  embryo  thousands  of  scolices 
can  arise  (flg.  3S3).  Tbis  extreme  case  stands  Id  contrast  to  others  which 
connect  with  the  development  of  Bothfiooephalus,  in  which  the  cysticercus 
is  replaced  by  a  cyslicercoid  (Qg.  S4tj).  Here  there  is  no  inQltration  and 
the  scolex  is  closely  enclosed  by  an  envelope  comparable  to  the  bladder 
wall. 

All  of  this  is  of  importance  in  the  correct  conception  of  the  development 
of  a  tnpeworm,  which  was  earlier  believed  to  be  a  complicated  alternntion 
of  generations;  the  blaU<ler  to  be  a  stage  which  by  endogenous  budding 
produced  scolices;  the  scolex,  in  turn,  a  stage  which  by  terminal  budding 
produced  the  sexual  animals,  the  proglottids,  and  the 
chain  of  individuals,  a  strobila.     This  view,  so  easy  to 
plaining  the  development,  contains  twocrrora.    The  bin 
pendent  generation,  but  only  the  precocious  hinder  end 
tapeworm  is  not  a  colony,  but  a  single  animal;  the  pro 
dividuals,  but  specialized  parts  of  a  single  whole.    This 
by  a  comparison  with  other  forms.      The  Oar}-ophyllH)idffl  (fig.  249)  are 
single  bodies,  the  anterior  end  elongate  and  taking  the  place  of  tbe  seolex, 
while  the  broader  hinder  part  contains  a  single  hermaphroditic  apparatus. 
In  the  Ligulidie  the  body  is  slill  unjoiuted,  but  has  increased  in  length  and 
contains  numerous  sets  of  sexual  organs.     This  duplication  of  the  repro- 
ductive apparatus  explains  the  appearance  of  proglottids. 

Family  1.  Cartofhtll£ID£  (Cestodaria).  Cestodes  without  ace- 
tabnla,  simple  sexual  apparatus,  scolex  and  proglottis  not  differentiated. 
Distinguished  ^B  iremalodes  by  absence  of  digestive  tract.  Larval  stages 
in  invertebrates^dulU  nearly  always  in  fishes.     Caryophyilcetu  (fig.  246) 


286  PLA  TnELMINTHES. 

in  the  intestine  ot  cyprinoids;  Amphilina  in  body  cavity  of  sturgeon; 
Archigetes  in  annelids  (Sanuris). 

Family  3.  Ligulidjs.  No  acetabula;  numerous  sexnal  organs,  but  no 
proglottids.  The  immature  stages  in  the  body  cavity  of  fishes,  the  adults 
in  the  intestine  of  birds.     Ligvla, 


-(.'VBtk  _. .    .. 

,.  .^jiUatschek.) 

Fio.  HV.^Caryouhvllaut  mnlabilli.  (After  M,  Schultie.l  df.  vaa  deferens;  dr.  vllellln* 
duct:  k-ecaieji;  ov,  ovarlfs;  pi.  penle:  v$,  VAglna  with  receptaralum  Bemlnla;  '• 
teates;  ul.  uteruBT  f,.  vitellarlum  :  p«,  vesicuU  gemiDalla.  The  conneilfln  nf 
vaKlna  with  the  crossltiK  point  of  genlttkl  duct,  vitelline  duct,  and  ul«nu  " 
iackinaln  the  fliture 

Fio.  ZGU.— TnpeworiD8  of  flehes,  (After  Linton.)  A,  EchiitobothHtm  variabilt*;  B. 
Kuuckaboihrium  bimlt-alum*  ;  C,  rtlrabolhrium.* 

Family  3.  TEnuRHYNCHtD.*.  Willi  scolex  and  proglottids,  the  besd 
with  four  protrnsiblo  hooked  probosces  (fig.  241).  Immature  and  matare 
stages  in  flslies.     Tetrarhynchus^  Rynchdbothrium*       ^^ 

Family  4.  Tetraphtlud-e.  Head  with  four  very  mo^P  suckers,  often 
armed  with  books.     Echtnobothrium  •  (fig.  350),  Acant?Kit)Othrium.* 
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Familj  6.  Bothrioccphalid^  Scolex  and  prc^lottids  present;  bend 
Bpatulate  with  two  eliciting  groves  on  the  narrower  sides.  Moat  interesting 
is  Bothriocephabis  latus  (fig.  251),  (he  Isrgest  tapeworm  which  occurs  in 
the  human  intestine  (also  dogs  and  cnts),  and  which  may  reach  a  length  of 
forty  feet  and  consist  of  over  four  tboQsarid  proglottids.  As  has  tieen  oat- 
lined  above,  thepleiirocercoidoccuTsin  fishes,  and  man  acquires  the  parasite 
by  eatiug  nncooked  fiah.  It  ia  especially  abundant  in  Russia,  the  eastern 
provinces  of  Prussia,  and  in  Switzerland.  It  is  rare  in  Anjerica  and  occurs 
most  frequently  in  immigrants.  Other  species  occur  in  man  in  Greenland 
(A  eardtUus)  and  China  {B.  manaoni). 


Tt 


Family  6.  Txsiadje.  With  scolex  and  separable  proglottids;  thescolei 
always  benrs  four  suckers  and  in  m;tny  a 
stellum  with  a  circle  of  hooks  (fig.  253). 
the  proglottids  the  vitellarium  is  replaced  by 
an  albumen  gland;  the  uterus  is  ctecal,  and  the 
genital  pore  occurs  usually  laterally  iri  the 
proglottids,  alternating  right  and  left,  rarely 
only  on  one  side  (HffmeriolepM,  Anoplocepha- 
lus).  It  is  rarely  doubled  in  n  proglottid 
{Dipylidium,  MttiUezia).  I n term edi lit e stage  a 
cysticercus  or  cyslicercoid.  The  human  tape- 
TTortns  arc  grouped  here  together,  but  are  sub- 
divided accordingly  ns  the  sexunl  animal  or 
the  cysticercus  has  been  found  in  man. 

A.  Tanta  sexually  mature  in  the  human 
intestine.  Most  noticeable  are  T<B»ia  solium 
and  T.  aaginata,  llio  differences  between 
which  are  shown  in  fig.  252  and  the  follow- 
ing table.  It  is  to  be  noticed  that,  in  spite  of 
the  lack  of  hooks,  the  stronger  suckers  render 

T.  sagiiiata  more  difficult  to  expel.  Ttenia  Fio.  au,— Head  and  ripe  pro- 
tdHam,  as  the  table  shows,  is  not  rare  in  the  Snd'w  y.io/iun"""""'""  " 
cysticercus  stage  in  miin  and  occurs  sometimes  in  places,  like  the  brain 
and  eyes,  where  it  causes  severe  injury.  These  cases  are  in  part  explained 
by  lack  of  cleanliness  in  the  food,  which  may  contain  eggs,  but  it  is  possible 
through  internal  infection  ;  pieces  of  the  worm  passing  the  pylorus  and 
entering  Iho  stomach,  where  they  are  digested,  setting  the  embryos  free. 
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Many  other  Taniat,  whicli  arc  comrnon  to  oilier  mftmmnls,  occur  occa- 
sioniitly  in  the  human  intestUic.  In  mice  nad  rals  occur  T.  {Hj/metwiepis) 
murina  and  T.  diininuta  {=  Uptocephala).  The  flreC  (identical  with  7*. 
nana)  has  recently  been  rery  abundant  in  human  inteetinea  in  Italy.  The 
worm,  an  inch  or  two  long,  mny  occur  in  thouaands  and  cause  severe  in- 
jury. This  species  may  develop  without  an  intermediate  host ;  the  eggs 
taken  into  the  stomach  pass  the  cysticercoid  stage  in  its  walls  and  thence 
to  the  intestine  to  become  adult.  T.  diminuta  (=  fiawtputidata),  which 
has  insects  for  its  intermediate  host,  has  been  described  from  man.  Other 
species  occur  In  the  tropics. 

B.  Forms  passing  the  cysiieercus  stage  in  man.  Besides  the  cysticercus 
celluloKfe  of  T.  solium  that  of  T.  oeaTttliotriaa 
(possibly  identical  with  T.  solinm)  has  bc«n 
found  in  man.  More  frequent  and  of  more  im- 
portance lo  the  physician  is  the  cysticercus  of 
Tauia  echinoeoccus  (fig.  253),  which  lives  as  an 
adult  in  the  dog,  and  is  easily  overlooked  on  ac- 
count of  its  size.  It  is  nt  most  6  mm.  (}  inch)  long 
and  consists  ot  a  scolex  and  three  or  four  i>ro- 
glottids.  The  scolex  bears  four  suckera  and  hooks 
_  on  the  rostelium.     When  the  eggs  are  taken  into 

^^°^i§>  '    the  human  stomach,  as  mny  easily  happen   by 

^^N^,^^  stroking  and  kissing  infected  dogs,  the  embryos 

^■^^  are  set  free  and  wander  into  liver,  lungs,  bmin, 

-    -  or  other  organs  and  produce  here  tumors  which, 

^"l.^i After'" lSuck™i  '"  ^^^  "'^^  **f  "'*'  ''^■^'■'  ""*?  '^eigli  ten  or  even 
Rijiht  Beiuailr  mature  1  thirty  pounds.      This  extraordinary  i 

le/t  a  part  ot  an  echlno-      ,    .  '  ,'^.       ,,       ,  ,.  ,     .        f. 

coccuB  with   two    brood  plained  by  the  formation  of  dauglite 
..g  „Q^  y,g^  gp^  (echinoeoccus)  described  above,     ~  " 
n  cattle,  sheep,  and  swine  than  in  man. 
Common  Tania  of  domestic  animals  are  in  the  horse  Anoploeephaia 
plicaia  (4  to  80  inches),  A.per/oliata  ()  to  3  inches),  A.  mamiliana  (i  to 


■  bladders 
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2  inches);  in  raminantg,  Motiiezia  expatisa  (usually  7  feet,  sometimes  SO 
feet  or  more),  often  fatal,  M.  denticulata  (1  lo  5  feet),  the  most  common 
tapeworm  of  cows;  in  dogs,  Tmnia  marginala  (cyslicercus  in  sheep  and 
swine),  T.  serrala  (cysticercua  in  rabbitsj,  T.  enhinoaxxus  (above),  T.  ca- 
nurua  (cysticercua  in  brain  of  sheep,  causing  the  disease  called  'stag- 
gers'), Dipylidium  cueumerina  (most  common,  larva  in  the  doglouse, 
Tricfiodecteis)i  in  the  cat,  2'ctiiia  crtuncollia  (cysticercos  in  mice).  Several 
species  occur  in  domestic  birds,  one  IDrepanidotatiia  i)i/undibuli/ormi»), 
causing  epidemics  among  chickens. 

Class  IV.  Nemertiiii. 

Most  nemerteans  are  of  appreciable  size,  some  reaching  a  length 
of  a  yard  or  more  {Linms  longissimus  90  feet  !),  and  yet  they  are 
eo  contractile  that  a  Bpecimen  of  our  Cerebratultis  lacieus,  which 
can  extend  itself  io  fifteen  feet,  can  retract  to  two.  Kemerteans 
are  rare  in  fresh  w^ter  or  moist  earth,  but  are  most  abundant  in  the 
sea,  where  they  butrow  through  the  mnd  or  lie  rolled  up  beneath 
stones.  Many  are  n9ticoable  for  tbeir  bright  colors.  Their  eystem- 
atio  position  ia  a  prt)blem.  Frequently  they  are  included  in  the 
Plathelminthes,  but  Ihe  presence  of  an  anus,  of  distinct  vaacular 
system,  and  the  higheE  organization  in  other  respects  renders  such 
a,  position  doubtful. 

Like  some  flatworm3^  they  have  a  solid  parenchyma  bounded 
externally  by  a  ciliated  ectoderm  rich  in  mucus  cells,  and  inside 
this  at  least  two  muscular  layers,  which,  when  but  two  are  pres- 
ent, are  an  outer  circular  and  an  inner  longitudinal  layer.  They 
differ   from   all   other    Plathelminthes    in    having    a    complete 


Fio.  8>l.— DlaKram  ut  Xemertean  (orlg.).  h,  brain ;  c,  ciliated  pit !  il,  domnl  nerve 
trank  1  d:  dnrsnl  blood-veBstil ;  gc.  sastrin  cteca:  i.  Intextlne;  t,  lateral  nurre 
trunk  J  Ir.  lateral  blood.vesMl;  iJ,  proboBcIs  retracttid  ;  j<m,  proboBolH  mudcles; 
im,  protoDephridlal  tube ;  p".  Its  opening ;  pt,  cavity  of  proboscis  sheatb. 

alimentary  tract,  beginning  with  a  ventral  anterior  mouth  and 
continuing  as  a  straight  tube,  with,  usually,  paired  diverticula,  to 
the  vent  at  the  posterior  end  of  the  body  (fig.  254). 

Especially  diagnostic  is  the  proboscis,  which  lies  dorsal  to  the 
alimentary  tract  and  usually  opens  separate  from  the  mouth.     The 
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proboscis  is  a  mnecular  ttibe  closed  at 
ooe  «n(I  and  at  rest  is  infolded  like 
the  finger  of  a,  glove  inside  a  closed  sac, 
the  proboscis  sheath,  which  exteodB  far 
back  in  the  body.  Its  tip  is  bonnd  to 
the  posterior  end  of  the  sheath  by  a 
retractor  muscle.  By  contraction  of 
the  sheath  the  proboscis  is  everted, 
while  it  may  be  retracted  again  by  the 
mneclc.  Kettle  cells  are  not  uncom- 
mon iu  the  proboscis  wall,  while  in  some 
forms  (the  older  Enopla)  the  effective- 
ness of  the  organ  is  increased  by  the 
presence  of  a  dart-like  stylot  at  the 
tip  (reserve  stylets  occur  on  either  side, 
fig.  355),  and  at  the  base  of  the  stylet 
is  the  opening  of  a  poison  sac 

The  blood-vascular  system  consists 
of  a  pair  of  lateral  tubes  connected  by 
transverse  loops,  and  in  most  forma  a 
third  tube  is  present  lying  between  the 
intestine  and  the  proboscis  sheath. 
The  excretory  system  consists  of  two 
tabes  lying  close  beside  the  lateral  blood- 


Fio,  aid.  nu.  aa. 

Fio.  ae.— YounRTrfnutemmaohacurnm.  (From  Hatschek,  after M.Schultiel  o.nniH: 
«,  dorsal  cwmmfasure;  eg,  cerebrnl  BantfltB;  (,  rlUated  grooveB;  (.  dlgeatlve  tnict; 

lie.  OVH  Bpot;  IT,  prdbosclBpore;  r.'proSosclB;  r,,  glandular  hinder  portion  of  pro-' 
boBclB:  rm.rstractor  of  proboscis;  W,  sty  lei  b;  •,  opflning  of  eicretory  ByBlem 
Fio.  !Sa— Plllilura  larva.    iFrom  I^ni.  after  8«leiiBky.)    M,  InvaglDatlonB  which 
later  give  rise  to  the  nemertlne  akin ;  m,  oral  lobes:  md,  arcbeuteron;  ni,  ring 
nervei  «p.  apical  plate;  «t.  waophagas;  mH,  dilated  band. 
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Ycsscls  and  connecting  with  branches  terminating  in  flame  ceUs, 
while  they  open  separately  to  the  exterior  by  one  or  several  open- 
ings. 

The  central  nervous  system  (in  some  forms  still  in  the  ectoderm) 
consists  of  a  supraoesophageal  brain  of  a  paired  ganglia,  from  which 
nerves  run  to  the  proboscis  and  two  lateral  cords  united  on  the 
ventral  side  by  numerous  transverse  commissures.  Connected 
with  the  brain,  either  directly  or  by  means  of  a  short  nerve,  are  the 
cerebral  organs  or  ciliated  grooves,  pits  placed  on  the  sides  of  the 
head.  These,  formerly  regarded  as  respiratory,  are  now  considered 
sense  organs.  Tactile  organs  and  simple  eyes  are  widely  distrib- 
uted; otocysts  are  very  rare. 

As  a  rule  the  nemertines  are  dioecious,  the  gonads  forming  a  row 
of  lateral  sacs,  alternating  with  the  intestinal  blind  sacs  and  open- 
ing dorsally.  The  development  is  sometimes  direct,  but  usually 
a  metamorphosis  occurs  in  which  a  larva,  the  pilidium  (or  a 
reduced  form  of  it,  Desor^s  larva),  appears.  The  pilidium  is  a 
gelatinous  helmet-shaped  larva  with  right  and  left  below  a  pair  of 
lappets  (fig.  256).  The  margins  of  lappets  and  helmet  are  ciliated^ 
while  at  the  top  a  bundle  of  longer  cilia  project  from  a  thick- 
ened patch  of  ectoderm,  the  apical  plate,  which  apparently  func- 
tions as  a  central  nervous  organ.  Inside  is  the  simple  csBcal  arch- 
enteron,  the  mouth  (blastopore)  opening  between  the  lappets. 
By  a  complicated  process  of  growth  and  infolding  this  mesenteron 
becomes  enclosed  in  its  own  skin,  produced  from  four  inpushings 
{ea) ;  an  anus  is  formed,  and  at  the  time  of  metamorphosis  the 
worm  thus  produced  escapes  from  the  rest  of  the  pilidium,  which 
quickly  dies. 

Order  I.  Protonemertini. 

Nervous  system  outside  the  muscles;  no  stylets  in  the  proboscis;  mouth 
behind  braiu.     CanneUa* 

Order  n.  Mesonemertini. 

Nervous  system  in  the  muscles;  mouth  behind  brain;  no  stylets. 
CepTicUothrix,* 

Order  in.  Metanemertini. 

Nervous  system  in  the  parenchyma  inside  the  muscles,  mouth  in 
front  of  brain;  proboscis  as  a  rule  with  stylets.  Geonemertes*  and  some 
species  of  Tetrastemma*  terrestrial.  Amphiparus*  (numerous  eyes), 
Nectonemertes*  MaUxcobdella,*  leech-like  with  posterior  sucker,  parasitic 
iu  lamellibranchs. 
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Orderly.  Heteronemertini. 

Body  wall  with  several  muscular  layers,  the  nervous  system  in  the 
muscles;  mouth  behind  brain;  proboscis  unarmed.  Lineus*  Micrura*  tiud, 
Cerebratulus  *  (Meckdia)  on  our  coast,  with  cerebral  organs.    Eupolia. 

Summary  of  Important  Facts. 

1.  The  PLATHELMINTHES  are  bilateral  animals  of  flattened 
form  whose  nervous  system  consists  of  a  supraoesophageal  ganglion 
and  lateral  nerve  trunks;  the  excretory  system  of  branched  water- 
vascular  tubes  (protonephridia). 

2.  The  TuRBELLARiA  are  the  most  primitive;  the  Trcmatoda 
and  Gestoda  have  descended  from  them. 

3.  The  Turbellaria  are  ciliated  externally.  They  have  no  anus 
and  no  circulatory  system.  The  digestive  tract  consists  of  ectoder- 
mal pharynx  and  entodermal  stomach,  the  latter  many-branched 
in  the  Poltfclads,  with  three  main  branches  in  the  Triclads,  and 
rod-like  in  the  RhabdocoBles. 

4.  Polyclads  and  Triclads  are  often  united  under  the  name 
Dendrocala. 

5.  In  the  parasitic  Trematoda  the  cilia  are  entirely  lost  or 
confined  to  the  larval  stages.  Hooks  and  suckers  are  present  for 
attachment  to  the  host;  several  in  the  ectoparasitic  forms;  only 
one  or  two  suckers  in  the  internal  parasites. 

6.  In  the  DistomicB  there  occur  heterogony  and  alternation  of 
hosts.  From  the  Qgg  arises  a  sporocyst,  always  parasitic  in  mol- 
luscs, from  the  parthenogenetic  eggs  of  which  develop  cercari» 
which  become  encysted  DistomisB  in  the  second  host,  sexual  Di- 
stomisB  in  the  third. 

7.  Best  known  of  the,  Distoma  are  D.  hepaticum  and  />. 
lanceolahm  (rare  in  man,  common  in  sheep)  and  D.  Jicematobium 
in  the  portal  vein  of  man  in  warm  climates. 

8.  The  Cestoda  are  characterized  by  the  entire  absence  of 
digestive  tract,  and  usually  by  the  existence  of  scolex  and  pro- 
glottids. 

9.  The  scolex  is  the  organ  of  attachment,  and  as  such  is  pro- 
vided with  suckers  and  frequently  with  hooks.  It  also  produces 
the  proglottids  by  terminal  budding. 

10.  The  proglottids  contain  an  hermaphroditic  sexual  apparatus- 

11.  The  eggs  produce  a  six-hooked  embyro  which  must  pass 
into  an  intermediate  host.  This  is  accomplished  either  by  taking 
the  eggs  in  passively  with  the  food,  or  the  embryo  must  pass  into 
the  water,  where  it  infects  fishes. 
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13.  The  embryo,  in  the  intermediate  host,  becomes  encyeted 
and  changes  directly  to  a  scolex  (pleurocercoid)  or  into  a  bladder 
worm  (cysticercus)  which  produces  internally  one  or  more  scoliceB. 

13.  The  Bcolex  is  freed  from  its  cyst  when  taken  along  with 
food  into  the  stomach  of  the  proper  host,  and  then  acquires  the 
capacity  of  development  into  a  tapeworm. 

14.  In  man  occur  as  cysticerci  Tmnia  echinococcns  (adult  in 
dog)  and  T.  solium;  as  adults  Tmnia  solium  (cysticercus  in  pigs), 
T,  saffiimta  (cysticercus  in  cattle),  and  BothriocepJtalus  latus 
(plenrocercoid  in  fiah). 

15.  The  Nemertiki  are  distinguished  by  a  complete  alimentary 
canal  with  anus,  and  a  proboscis  dorsal  to  the  digestive  tract. 


PHYLrM  V.  KOTIFERA  (EOTATOKIA). 

The  aqnatic  wheel  animalcules,  or  Botatoria,  are  among  the 
smallest  Metazoa,  and  can  he  distinguished  from  tho  Infusoria, 
which  they  resemble  in  habits,  only  by  the  microscope.  The  body 
is  divisible  into  three  regions,  head,  trunk,  and  tail.  The  trunk 
ie  covered  by  a  tough  cuticle  into  which  head  and  tail  can  be 


Fia.  ST.— Diagram  of  rotirer.  (After  Delate  et  Herouard)  (i.  bmin;  /r,  a&me  cell; 
01^  KRBliic  Klatid:  i.  intestine:  m,  losBtai:  iir.  oTary;  py,  pedal  Kland;  pv,  pulsat- 
ing vesicle  of  excretory  syBteioi  »,  stomach. 

retracted.  The  tail  or  '  foot '  is  often  composed  of  rings  which  can 
be  telescoped  into  each  other  and  which  by  their  superficial  resem- 
blance to  segmentation  formerly  led  to  tho  association  of  the  roti- 
fers with  the  Arthropoda.  The  last  tail  ring  often  bears  n  pair  of 
pincer-likc  stylets  which  together  with  adhesive  glands  enable  the 
animal  to  adhere  to  objects.  The  head  has  the  most  delicate 
cnticle  and  is  expanded  in  front  to  a  trochal  disc,  an  apparatus  of 
varying  appearance,  which  is  surrounded  by  a  ring  of  cilia  of  use  in 
Bvimmiug  and  also  in  directing  food  to  the  ventral  month.     The 
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alimentary  canal  consists  of  cesophagus,  maetax  (chewing  Etomacb). 
glandular  stomach,  and  intestine;  all  except  the  mastux  cilatod. 
The  mastax  hears  two  chitinoua  jaws  (trophi),  which  in  life  are  iu 
constant  motion  and  comminute  the  food.  The  cerebral  ganglinii 
lies  above  the  oesophagus,  with  which  simple  eyes  and  peculiar  sense 
organs,  the  cervical  tentaclcB,  are  frequently  connected.  The 
usually  single  ovary  and  the  paired  protonophridia  empty  into  the 
posterior  part  of  the  alimentary  canal,  which  thus  becomes  cloacul 
in  character.  For  a  long  time  males  were  unknown  until  Dal- 
rymple  discovered  that  these  are  much  rarer  and  smaller  'dwarf 


Fib.  S68  — BmchioniM  tiTMiiIaHg.  .^,  femalB  with  fonrosKsin  varkrasBtaBeB:*"*''; 
C,  ■flftine'  from  prolonephrldlft.  grefttly  enlaraed;  5,  urinary  hladden  t.elraf*' 
opening;  d,  gMtrlc  Kl&nda;  o,  Bantfllon,  with  eye;  ft,  testis;  k,  mwUi;  "• 
fltoroftcli;  a,  ovary;  p,  penis;  I,  tentacle;  uj,  protcnephrldia. 

males,' and  that  they  have  a  much  simpler  structure  (fig.  258,  /■)■ 
Usually  the  alimentary  tract  is  reduced  to  a  solid  cord  in  which  tlie 
testes  are  imbedded. 

The  Rotifers  have  two  kinds  of  eggs,  large  winter  eggs  enclosed 
in  a  thick  shell  and  smaller  thin-shelled  summer  eggs.  The  latter 
develop  parthenogenetically  and  by  their  numbers  and  rapio 
growth  subserve  the  distribution  of  the  species.  The  winter  eggs 
require  fertilization,  and  have  a  long  resting  period,  thns  serving 
"to  tide  over  periods  of  cold  or  drought.  The  adult  animals  o'l 
-withstand  a  certain  amount  of  desiccation;  and  they  are  ofW 
found  in  damp  moss  or  in  cave  troughs  in  a  sort  of  sleep  ff""' 
which  th^  are  awakened  by  water. 
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la  structure  the  Botifiers  are  much  tike  the  trochophore  type  of 
embryo  of  nnnelida  and  molluscs  to  be  described  later.  They  mast  hence 
be  regarded  as  eitremely  primitive  forms,  conaected  at  once  with  the 
ancestors  of  these  groups,  and,  as  shown  by  nerrous  Bystem  and  excre- 
tory organs,  with  the  flatworms  as  well.  Most  species  are  cosmopolitan 
and  inhabitants  of  fresh  water.  Many  species  in  America.  Near  the 
Rolifera  may  be  placed  the  fresh-water  GASTKOTBICIIA  {lehihydium, 
Cbatonotus)  and  the  marine  ECUINODERID^,  forms  which  are  little 
luiders'ood. 


PHYLUM  VI.  CffiLHELMINTHES. 

The  Coel helm t nth es  are  distingnished  from  all  the  forms  which 
have  gone  before  by  the  presence  of  a  body  cavity,  separating  the 
outer  body  wall  from  the  intestine.  This  cavity  is  the  coelom,  but 
whether  it  be  homologous  in  different  groups,  e.g.  nematodes  and 
annelids,  is  not  settled.     The  body  muscles  are  developed  from  the 


lonFTltudliml  muBcIs;  n,  nucleui  i 


)tiBb  the  phBrynKeal  bnlb;  beside  it  a 
Jcle;  d,  donal  Itne;  fi,  hyiwdaRiili;  m, 
le  call;  p,  muscle  coll;  a. lateral  llae; 

ODter  (parietal)  epithelial  wall  of  the  ccelom  and  hence  are  'epi- 
thelial mnscle  cells '  (figs.  259,  260).  The  excretory  organs  con- 
nect the  body  cavity  with  the  outer  world  and  hem;o  are  nepbridia 
(earlier  called  segmental  organs,  cf,  fig.  69).  Internally  they  begin 
with  a  ciliated  funnel,  the  nephrostome,  and  continue  as  long  coiled 
tubes  expanding  just  before  the  outer  end  to  a,  kind  of  bladder. 
The  sexual  apparatus  is  simple.     The  gonads  (fig.    360,  o)  are 
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specialized  parts  of  the  ccelomic  epithelium  and  their  prodncta  are 
usually  carried  to  the  exterior  by  the  nephridia  (more  rarely  by 
Bpecial  dncts),  so  that  here,  as  in  vertebrates,  we  can  speak  of  a 
urogenital  system.     A  closed  blood  system  is  now  present,  now 


Fio.  Stn.— Transverse  section  of  Sagitla  MjnmcUUa  and  m.  bit  ol  the  body  mJl  mi 
enlarged.  (AFter  O.  Hertwlg.)  e,  cixlani:  dd,  entoderm;  df,  splbnchnlo  me 
thellum;  «,  epidermis;  m,  aomatlc  meBoderm  (musolea  SiDd  epithelium);  o,  ora 

absent.     Little  in  general  can  be  said  of  the  nerroas  systei 
details  will  be  given  in  connexion  with  the  separate  classes. 


Class  I.  Chstognatlii. 

These  marine  forms,  a  half  to  two  inches  long,  perfectly  trans- 
parent, are  well  adapted  to  serve  as  an  introduction  to  the  ccelomute 
worms.  They  live  at  the  surface  of  the  sea,  preying  on  other  ani- 
mals, and  from  their  shapes  and  rapid  motions  deserve  the  onme 
Sagitla — arrow — given  some  forms.  The  animals  swim  by  means 
of  horizontal  fins,  one  surrounding  the  tail  and  one  or  two  pairs 
on  the  sides  of  the  trunk  (fig.  2G1),  On  either  sido  of  the  mouth 
is  a  lobe  bearing  etrong  bristles  used  in  seizing  prey  .(Chseto- 
gnathi,  bristle-jaw).  Internally  the  body  is  divided  into  three 
segments,  head,  trunk,  and  tail,  by  transverse  septa  which  divide 
the  ccelom  into  corresponding  parts.  Each  segment  of  the  cte- 
lora  again  is  divided  into  right  and  left  halves  by  a  mesentery 
(fig.  260),  supporting  the  straight  intestine,  running  lengthwise 
through  it.  The  intestine  terminates  at  the  anus  at  the  end  of  the 
trunk  segment. 

The  nervous  system  is  entirely  ectodermal.     In  the  head  is  a 
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pair  of  fased  cerebral  ganglia  (fig.  362),  in  the  tmnk  segment  a 
large  ventral  ganglion,  and  these  are  connected 
by  long  cesophageal  commisaures.  Of  interest, 
because  characteristic  of  nematodes  and  many 
annelids,  are  the  relations  of  the  musculature, 
which  consists  of  longitndinal  fibres  alone, 
The  body  caTity  is  lined  with  epithelium  (fig. 
260),  which,  so  far  as  it  abuts  against  the  ali- 
mentary tract,  is  called  splanchnic  (or  Tisceral) 
mesoderm;  that  on  the  side  of  the  coelom  to- 
wards the  ectoderm  is  the  somatic  mesoderm. 
The  mnscles  arise  from  the  latter  layer  and  are 
divided  into  four  fields,  right  and  left  dorsal, 
right  and  left  ventral.  The  sex  cells  also  arise 
from  the  epithelium  of  the  coelom,  the  eggs 
in  the  tmnk  segment,  the  sperm  in  the  taU. 
The  eggs  are  carried  to  the  exterior  by  special 
dncta.  The  sperm-forming  cells  early  lose 
their  connexion  with  the  epithelinm,  fall  into 
the  coelom,  where  they  develop  the  spermato- 
zoa. These  are  carried  out  by  canals  which 
by  their  relations  to  the  ccelom  recall  the  ne- 
phridia  of  the  annelids. 


Fio.  B81.—.Sapi//a  Viopfnvi,  ventral  view.  (After  O.  Hertwlg.)  n,  anns'.ho,  vsrtral 
Bemlniil  vesicle:  k,  (e!:cp1ia|{eal  commiBanre;  ■/!.  t&ll  Sn;  il,  Bperm;  mi,  female 

Fio!^''-fieBd  of  .IngiWi  htpanriala,  dorsal  view.  (Alter  O.  Hertwlg.)  on,  nerve 
to  "II,  eye;  o,  brain:  gh.  briBtlsB;  m,  nerves  to  to.  olfactory  organB;  je. tesophageal 
cummlsKure. 

The  development  of  Sagitta  is  signiflcnnt  Troni  two  points  of  view. 
The  arcljenieroii  (fig,  108)  is  divided  by  lateral  folds  into  an  uiipnired 
middle  portion  and  two  paired  lateral  cliaiuljers  ;  the  first  is  the  defini- 
tive digestive  tract,  the  lHtl«r  ttie  anlageu  of  tbe  ccslomio  diverticula. 
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In  other  words  the  coelom  is  an  outgrowth  from  the  archenteron,  i.e.  is  an 
enterocoele.  Second  :  The  gonads  are  derived  from  a  pair  of  cells  in  the 
primitive  entoderm,  which  later  are  carried  into  the  coelomic  walls.  Hence 
each  divides  into  anterior  and  posterior  cells,  the  anterior  developing 
into  the  ovary,  the  posterior  into  testes.  Hence  here  the  male  and  female 
sex  cells  are  heyond  doubt  descendants  of  a  common  mother  cell. 

The  few  species  of  Chsdtognathi  are  arranged  in  two  or  three  genera, 
of  which  8agittay  represented  on  our  coasts  by  8,  eUgans*  is  best  known. 
SpadeUa, 

Class  n.  Nemathelminthes. 

Like  the  flafeworms,  the  roundworms  are  characterized  by  their 

shape,  they  being  thread-like  or  cylindrical  animals  whose  form  is 

the  result  of  the  existence  of  a  body  cavity  in  which  the  viscera  are 

so  loosely  held  that  on  cutting  through  the  muscular  body  wall 

they  will  fall  out  (fig.  259).     Since  the  Nemathelminthes  share  this 

coelom  with  most  annelids,  the  distinction  between  the  two  rests 

largely  upon  negative  characters,  the  roundworms  lacking  the 

segmentation  of  the  body  cavity  and  the  corresponding  ringing  or 

annulation  of  the  body  wall.     To  the  Nemafchelminthes  belong 

three  orders,  much  alike  in  habits  and  appearance  but  differing 

considerably  in  structure.     Of  these  the  most  important  are  the 

nematodes. 

Order  I.  Nematoda. 

The  nematoda  contain  numerous  species  of  thread-shaped 
worms  varying  from  0.001  to  1.0  metre  in  length,  many  of 
which,  through  their  wide  distribution  as  parasites  in  plants, 
animals,  and  man,  possess  special  interest.  The  outer  surface  is 
covered  by  a  tough  cuticle  secreted  by  the  underlying  hypodermis 
(fig.  269),  a  layer  corresponding  to  epithelium  and  cutis,  which  in 
cross-section  shows,  median  and  lateral,  four  thickenings,  the 
dorsal,  ventral,  and  lateral  lines.  In  the  lateral  lilies  run  the  excre- 
tory vessels,  two  longitudinal  canals  which  are  united  near  the  head 
by  a  transverse  vessel  opening  on  the  ventral  surface  by  an  unpaired 
porus  excretorius  to  the  exterior.  They  are  related  to  the  coelom 
by  two  giant  cells  on  either  side  which  send  processes  into  the 
body  cavity.  These  lateral  and  median  lines  divide  the  muscles 
(here  only  longitudinal)  into  four  fields,  as  in  Chsetognaths.  These 
muscles  are  parts  of  the  somatic  epithelium,  a  layer  of  vesicular 
cells  which  by  their  size  (fig.  259)  so  encroach  upon  the  coelom 
that  scarce  space  is  left  for  tlie  alimentary  canal  and  reproductive 
organs.     A  splanchnic  mesoderm  is  lacking. 

The  alimentary  canal  begins  with  a  terminal  mouth  and  ends 
with  the  anus,  which  is  ventral  and  in  front  of  the  end  of  the  body. 
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The  month  connectB  with  tho  mnscalar  oeeophagaB,  which,  for 
Bucking  purposes,  is  expanded  posteriorly  to  a  pharyngeal  bulb  and 
is  lined  throughout  vilh  a  cnticle.  From  this  point  to  the  anna 
the  atomach-intestine  is  uetially  uniform  (fig.  S63).  The  ceeophaguB 
18  aurronnded  by  a,  nervous  ring  which  sends  forward  and  back  a 


Fio.  03.— Stmotnre  of  yoanit  female  Atotaii  Cbased  on  a  drawing  by  Lenckut). 

no.  aM,— Dtamim  of  nervous  syatcm  of  a'  neniatode.  (After  Bfltsohll.)  e.  commlB- 
Bareii;  d,  aoraal  nerve;  i.  luIraiBSOphageal,  •.  supracesophageal  port  of  nerre 
ring ;  o,  TBOtral  nerve. 

large  number  of  nerves,  those  in  the  mid-dorsal  and  ventral  lines 
being  strongest.  At  points  on  these  nerves  are  collections  of 
ganglion  cells,  but  a  formation  of  ganglia,  as  in  the  annelids,  does 
not  occur  (fig.  264). 

The  sexual  organs  of  those  rarely  hermaphroditic  forms  are 
-very  simple.  Males  and  females  are  easily  distinguished  not  only 
hy  the  eopulatory  organs,  but  by  the  openings  of  the  genital  ducts. 
These,  in  the  male  (fig.  265),  are  in  the  end  of  the  alimentary 
canal,  which  hence  is  a  cloaca.  In  the  female  (fig.  203)  there  is  a 
special  genital  opening  on  the  ventral  surface  between  mouth  and 
anus,  tho  position  varying  with  the  species.     In  general  the  atruc- 
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ture  of  the  reproductive  organs  is  alike  in  both  sexes.  In  bothjT 
on  account  of  the  great  fertility,  these  are  long  tubes  coiled  for- 
ward and  back  and  ending  in  fine  threads  which  produce  eggs  or 
sperm  (ovaries,  testes),  while  the  rest  serves  as  seminal  vesicle,  or 
receptaculum  seminis,  and  ducts.  In  the  male  the  genital  tube  is 
always  single;  in  the  female  it  is  usually  double,  the  right  and 
left  halves  uniting  a  little  before  the  external  opening  (fig.  263, 
va).  Most  common  of  copulatory  organs  in  the  male  are  spicula, 
bent  spines,  which  lie  in  a  sheath  behind  the  vent  and  Can  be 
protruded  through  the  cloacal  opening,  appropriate  muscles  caus- 
ing them  to  retract.  Besides  there  may  be  valves  to  right  and  left 
to  clasp  the  male,  or,  as  in  TVichina,  the  whole  cloaca  is  pro- 
trusible. 

Since  there  is  copulation,  the  eggs  are  fertilized  in  the  uterus, 
after  which  they  are  either  laid  or  retained  for  more  or  less  of  their 
development,  many,  like  Trichinay  being  viviparous.  The  post- 
embryonic  development  depends  largely  upon  the  mode  of  life. 
Free-living  species  grow  by  repeated  molts  without  much  change 
of  form.  In  many  Anguillulidae,  which  show  how  free  life  can  be 
transformed  into  parasitic,  there  is  an  alternation  of  generations 
(heterogony)  from  an  hermaphroditic  entoparasitic  to  a  free 
dioecious  generation.  The  occasional  suppression  of  the  free  gen- 
eration which  occurs  in  many  Anguillulids  leads  to  the  Strongylidae, 
where  the  offspring  of  the  parasitic  generation  can  live  free  for  a 
time  (rhabditis  larvsB),  but  must  return  to  parasitism  to  undergo  a 
metamorphosis  and  become  sexually  mature.  The  free  life  is 
shortened  again  in  the  AscaridsB,  where  the  eggs  must  pass  to  the 
exterior  for  a  longer  or  sliorter  time,  but  the  embryos  only  escape 
when  the  eggs  are  taken  into  another  host.  Lastly,  there  are 
species  like  Trichina  where  the  free  life  is  entirely  suppressed  and 
transportation  from  host  to  host  takes  place  in  the  encysted  con- 
dition passively  by  food. 

Family  1.  Anguilluud^  ;  small  thread-like  nematodes  with  double 
pharyngeal  swelling  which  live  in  mud,  organic  fluids  or  plants,  rarely  in 
animals ;  male  with  two  Fpicula.  AnguUlula  acetic  vinegar  eel,  2  mm. 
long,  in  vinegar  and  stale  paste.  Rhabditis  {Rhabdonema)  nigrovenosa^ 
not  1  mm.  long,  lives  in  mud  and  stands  in  heterogony  with  a  second 
form  which  lives  in  the  lung  of  frogs.  Strongyloides  intestincdis  of  the 
tropics,  but  which  has  recently  appeared  in  southern  Europe,  has  a  some- 
what similar  history,  the  adult  stage  being  reached  in  the  human  intes- 
tine. Here  also  belong  numerous  plant  parasites  of  which  Tylenchtts 
tritici  and  Heterodera  schacJUi  demand  notice,  the  first  doing  great  dam- 
age to  wheat,  the  second  to  turnips  in  Europe.  TyUncfms  devastatrix 
attacks  rye  and  hyacinths. 
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Fiitnily  3.  kwmxDM.  Uouth  eurronnded  b;  three  lips,  one  donnl, 
two  ventral ;  males  with  two  spicnles.  Besides  numerons  species  in  lower 
vertebrates  two  of  the  most  commoi)  parasites  of  man,  the  human  round- 
vorm  and  the  pinworm,  belong  here.     The  former,  AKarislumbricoides,* 


aJ 


Fio.  SB.— Dorsal,  end,  and 


inhabits  the  small  intestine,  often  in  enormons  numbers.  The  females 
arerage  about  6-6  inches,  the  males  4  inches,  in  length.  The  ani- 
mals are  enormously  prolific,  a  female  containing  about  60,000,000  eggs. 
The  eggs  (Ag.  246,  a)  are  ensily  recognized,  Shortly  after  fertilization 
the  eggs  pass  out  of  the  iniestine  with  the  f»ces,  but  develop  without 
intermediate  host  if  in  the  course  of  two  or  three  months,  when  the  embryo 
baa  developed,  they  are  taken  into  the  human  intestine.  The  development 
of  the  pinworm,  Oxyw-is  vermiciilaris*  is  somewhat  similar  except  that 
ihe  embryos  are  developed  in  the  egg  at  the  lime  of  oviposilion,  and  hence 
after  a  shorter  stay  outside  the  body  are  capable  of  infection.  The  white 
worm,  not  half  an  Inch  long,  lives  in  the  rectum,  especially  of  children, 
and  in  crawMng  outside  the  anus  causes  intolerable  itching.  Ascaris 
myttax'  occnrs  in  dogs  and  cnis  (oucastonally  in  man).  A,  megaio- 
cepluUn  *  (a  favorite  animal  for  cytological  researches)  and  Oxyuris  equi  in 
the  horse.  These  do  little  harm.  On  the  other  band  Heterakia  maeulota 
often  destroys  whole  flocks  of  pigeons. 

Family  S.  SntONarUDiG.    These  are  readily  recognized  by  the  bursa 
of  the  male,  a  broadening  of  the  hinder  end  of  the  Irady  by  two  ring-like 


Fw,  an,— Anterior  end  of  Anla/Uflnmvt 
h,  outer  ventral  t«eth  ;  c,  dorBBl  too 
rjdse :  or,  <BiiopbaKUii. 

processes,  which  contains  two  spicnin.  Frequent  bnt  not  constant  is  a 
widened  capsule  surrounded  by  papillas  at  tlie  mouth.  A  number  of 
species  of  S(«mpyi«*  occur   in  domestic  animals.    8yngamu$    tradiea- 
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li».'*  half  to  three  quarters  of  an  inch  in  length,  the  male  and  femula 
alwaj-s  in  pairs,  cause  the  disease  known  as  'gaped 'in  fowl.  Ankplo- 
atomum  (Dochmivt)  duodenal^i&g.  286),  about  two  ftfihs  of  an  inch  in 
length,  lives  in  the  small  inlestine  of  man,  causing  severe  loss  of  blood 
and  the  disease  known  as  Egyptian  chlorosic.  The  eggs  develop  in  mud 
Rod  moist  earth,  and  hence  people  wlio  drink  muddy  water  (Fellahin  of 
Egypt)  or  work  much  with  clay  (potters  and  brick-makers)  are  especially 
Btibject  to  infection.  It  was  first  known  in  Egypt,  caused  considerable 
trouble  during  the  building  of  the  St.  Ootthard  tunnel  in  Switzerland, 
and  now  is  common  in  Germany.  Recently  it  has  been  thought  that  the 
A»k}/loitoma  larrie  obtain  entrance  to 
man  through  the  akin,  as  in  bathing, 
etc. 

Family  4.  Trichotrachelid£.  These 
owe  their  common  name  of  '  hair  necks  ' 
to  the  fact  that  the  part  of  the  body 
which  contains  the  pharynx  is  hnir-Iike 
and  elongate,  while  the  pharynx  itself 
traverses  a  peculiar  cord  of  cells.  Long* 
est  known  of  the  family  is  TriehocepJialiu 
ditpar*  of  man  (fig.  267),  about  an  inch 
or  an  inch  and  a  half  in  length,  which 
lives  with  its  neck  burrowed  like  a  cork- 
screw in  the  wall  of  the  intestine  near  the 
cfficum.  Since  it  does  not  move,  it  causes 
little  injury.  Its  presence  can  bo  recog- 
nized by  the  oval  brown  double-shelled 
eggs  (fig.  248,  d)  in  tlie  fteces. 

A  second  species,  TWc/tina  tpiralii  * 
(figs.  268,  269),  is  much  smaller,  but  much 
more  dangerous.  Two  stages  are  to  be 
distinguished,  the  encj'sted  muscle  Tri- 
china and  the  sexually  mature  intestinal 
Trichina.  The  first  was  discovered  in  a 
human  body  in  1833;  the  latter  was  not 
known  until  much  Inter,  its  history  being 
worked  out  by  Leuckart,  Virchow,  and 
Zenker.  In  the  encysted  stage  it  occurs 
Fm.  MB.  Fto.  M8.        in  the  muscles  of  pigs,  rata,  n 

\  rabbits,  guinea  pigs,  dogs,  etc. 
-  birds),  enclosed  in  an  oval  capsule  al>out 
I.  0.4  to  0.6  mm.  long  and  hence  recogniz- 
■  able  by  a  practised  observer  with   the 
no.  m-T.  ..Ainn  In  muacla.   (From  naked  eye.     They  are  more  easily  seen 
when    Ihey  am  partinlly  CJt!cified  and 
have  a  whitish  color.    Certainty  in  their  recognition  demands  a  lowpower 
of  the  microscope.    In  tlie  caisulo  is  c*»led  up  tlio  worm,  about  1    mm. 
long,  which  is  not  yet  sexually  mature,  although  furnished  with  the 
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imlagen  of  Bexnal  organa.  To  Httain  this  it  must  be  Irnnsported  into  the 
intestine  of  another  host,  '^hen,  for  instAnce,  man  eats  tricbinoseU  pork 
the  worms  nre  freed  from  the  muscle  and  capsules  by  the  digeative 
fluids  and,  entering  the  smalt  intestine,  become  sezutilly  mature  in  a  few 
days.  The  female  (3-4  mm.  long,  the  mnle  l.S  mm.)  penetrates  into  the 
superficial  layer  ot  the  intestinal  Tilli  and  in  course  of  a  month  gives  birth 
(o  1500  (some  say  10,000)  living  young,  after  which  she  dies.  The  yotinjc, 
on  the  other  hand,  penelnite  the  lympli  vewels,  and  by  way  of  the 
tlioracic  duct  are  carried  into  the  blood-vessels,  and  wander  from  the 
capillaries  into  the  muscles,  especially  those  which  are  much  worked,  like 
the  diaphragm,  eye  muscles,  and  muscles  of  the  neck,  and  which  conse- 
quently have  a  rich  b[oo<t  supply.  Tliey  enter  tlis  sarcolemma  oC  the 
mnscle,  destroy  the  muscle  substance,  and  finally  l^ecome  enclosed  by  a 
capsule  secreted  by  the  host.  The  wandering  takes  place  about  the  aecond 
or  third  week  afier  infection,  the  encystment  in  about  three  months.  A 
alight  infection  cnuses  disagreeable  symptoms  ;  but  where  large  numbers 
obtain  entrance  the  cases  are  frequently  fatal.  The  worst  epidemic  known 
was  in  Emmersleben,  Saxony,  in  1884,  where  57  died  in  four  weeks  from 
infection  from  one  pig. 


Flo.  mi— TransFeTse  seetlon  of  yaaiis  Gordiut.    (Atier  ' 
mis:  hitnnscnlKrUyeric.  cuticle;  d.pareDchrma:*,/,  i 

Family  S.  Filariida.  These  are  extremely  elongate,  hair-like  worms. 
Their  best-known  representative  is  Draeunculua  medinensia,  tlie  guinea 
worm  (the  female  about  u  yard  long,  and  about  as  large  as  stout  packing 
twine),  which  produces  a  sickness  known  to  the  Greeks  as  dracontiaais.  It 
forms  abscesses  beneath  the  skin  in  which  the  n-orm  is  coiled  up.  The  em- 
bryos break  through  the  wall  of  the  mother  and  must  enter  the  water  and 
penetrate  a  small  crustacean,  Cyclops,  It  is  apparently  introduced  into 
the  human  system  by  swallowing  tlie  crustaccii  with  drinking  water.  The 
worm  has  recently  been  found  in  the  tropics  of  America. 

A  second  species  is  FUaria  sanguinis  hominis,  the  adults  of  which — 
8  to  6  inches  long— live  in  the  lymphatic  glands  of  man,  while  the  young 
escape  into  the  blood,  often  in  immense  numbetu.    They  often  escape 
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through  the  kidnefs,  where  they  produce  serions  disturbance  (Albuminuria, 
hsematuria).  There  is  possibly  a  connexion  between  them  and  olepbnnti- 
aais.  The  intermediate  host  is  apparently  the  mosquito.  As  yet  they  are 
known  only  in  the  tropics.  Other  species  occur  in  man  and  otiier  animals. 
Family  6.  Mbrutthid^.  Elongate  nemntodes  with  six  oral  papills. 
They  live  in  the  body  cavity  of  insects  and  puss  into  damp  earth,  where  they 
become  sexually  mature.  They  share  with  the  Gordiaoea  the  commoD 
Dame  '  hairworms.*    Mermia." 

Order  n.  GordlAcea. 
The  hairworms  resemble  the  nematodes  In  general  appearance,  but 
differ  greatly  in  structure.  The  body  cavity 
has  both  splanchnic  and  Eomalic  epithelium; 
the  intestine  is  supported  by  mesenteries;  there 
is  an  cesophageal  nerve  ring  and  unpaired  ven- 
tral nerve  cord,  and  the  female  genitalia  enter 
the  cloaca.  The  adults  live  in  water,  where 
they  lay  their  eggs;   the  larvte  live  in  insects, 

tion  of  hosts.  These  (and  the  Hermithidce)  are 
popularly  believed  to  be  liorso  hairs  changed 
into  worms.     Qordius,*  Chordodea* 

Near  the  Oordiacen  must  be  mentioned  the 
marine  iVecfonema,*  the  young  stages  of  which 
are  apparently  passed  in  the  mosquito. 

Older  m.  Acanthocepliala. 

The  species  of  spine-headed  worms  live  in  the 
alimentary  cuiinl  of  vertebrates.  In  appearance 
they  resemble  theA3caridte(p.  801),  but  are  easily 
distinguished  by  the  proboscis,  which  maybe  re- 
tracted by  muscles  and  eiserted  by  contraction  of 
themuscnlar  body  wall.  This  proboscis  bores  into 
tho  intestinal  wall  and  is  held  in  place  by  numer- 
ous retrorse  hooks  (fig.  271).  In  internal  anatomy 
the  entire  absence  of  an  alimentary  canal  marks 
them  off  from  Nematodes  and  Gordiacen,  as  also  the 
peculiar  structure  of  the  reproductive  organs  and 
a  closed  vasculiir  sj'stem  in  the  Imdy  wall  which 
extends  into  two  "sues,  the  lemnisci,  lying  beside 
the  proboscis  sheath.  The  unpaired  ganglion  lies 
on  the  proboscis  sheath  between  the  lemnisci.  An 
Fio.sn..— MalBJSfcMnorhtfii-  intermediate  host  occurs  in  development,  the  larva 
rjm  o'lpiuiafiu.  (From  living  in  nn  arthropod.  Thus  (lie  larva  of  Eehiit' 
dr.  Bemiuftl 'vBBioie:  liv.  orhijiidws  {Gigantorhychus)  gigas*  of    the  pig 

retru:tOTs  of    probo»qtii  tli.it  of  E.  proteus  ot  European  freah-water  fishes 

and  tt«  Hheath :  p.  penis :  .  -^  ,  ■„     i       ,    ,      , 

r,  proboBoia;  ii.  prnixisciB  m   Crustacea.      One    species,  E.   nominit,  is  ex- 

SteSi.''  ""•"  "■■  '"  !'.«.*  -""  in  »«n. 
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Class  m.  Annelida. 
The  BegmentatioQ  of  the  body,  which  was  shown  in  a  dight  de- 
gree in  the  Chsetognathi,  reaches  its  highest  development  in  the 


Fia.  ETS.— Diagram  of  annelid  BOmlteB  (orlg.).  om.  aeionlar  mOBolos;  c  cielom.;  on, 
clrcDlar  mnacles  \  cv.  olrculor  blood-veuels ;  d,  AoteaX  biDOd-veswl;  i,  Int«Btlns  ; 
Int.  lungltadlnsil  maaclea;  m,  meBentery ;  n.  nerve  cord;  no.  nephrldlum  j  rf.  no, 
nouro-  and  notopodla,  forming  purapodlum;  «,  acptum;  n,  somaWpleura;  «p, 
aplanchnopleurei  t.  typhlowla. 

Annelids,  where  it  appears  both  in  the  outer  ringing  of  the  body 
and  in  the  arrangement  of  the  most  important  systems  of  organs — 
metameric  arrangement  of  excretory  organs,  nerrong  system,  blood- 


Fio.  773.— Trochophore  (Loven's  larva)  of  Polngordiut.  (From  Hatachek.)  A.  knnfil 
dLM,  dorsal  muAclea:  ED,  hind  gut:  J.  atamach;  J,.  Intestine:  Jfaii-,  meaodemial 
band;  ii.  nerves;  JV«iA,protonephrldla;  O,  mouth:  O,  {eBophagua;  «!.»,  iBBopha- 
gealmnsolei^P.aplcal  plate:  vLJf.  ventral  muscle;  vL.V. lateral  nerve;  wkr.^er, 
pre- and  poat-oral  zones  of  olUa:  Wa,  aptcal  cilia;  wi.  adoral  cilia. 

vessels — internal  segmentation.  To  this  is  added  au  extraordinary 
increase  in  number  of  body  segmonts  (somites,  metameres),  which 
can  far  exceed  a  hundred.     We  can  thus  define  the  Annelids  aa 
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worms  with  ccelom  and  with  external  and  internal  segmentation. 
In  the  development  there  frequently  occurs  a  type  of  larva,  the 
trochophore,  which  must  he  referred  to  here,  since  it  is  of  great 
morphological  significance,  resembling  in  structure  the  rotifers 
and  recalling  the  larva  of  the  molluscs  and  to  a  less  extent  that  of 
the  echinoderms.  It  is  (fig.  273)  a  gelatinous  body  traversed  by  an 
alimentary  canal  with  fore-,  mid-,  and  hind-gut  regions.  At  first 
it  is  everywhere  ciliated,  but  with  advance  of  development  the 
cilia  become  restricted  to  certain  thickened  tracts  of  epithelium, 
the  ciliated  bands.  One  of  these,  the  preoi*al  band,  is  especially 
constant.  It  runs  circularly  ( Wkr)  around  the  body,  surrounding 
a  circular  prestomial  area,  in  the  centre  of  which  is  the  anlage  of 
the  cerebral  ganglia,  a  thickened  patch  (apical  plate)  of  ectoderm, 
often  bearing  a  tuft  of  cilia.  Other  ciliated  bands  (post-oral, 
perianal)  often  occur.  Of  internal  organs,  besides  numerous 
muscle  fibres,  the  most  noticeable  are  the  excretory  organs,  true 
protonephridia,  which  open  to  the  exterior  either  side  below.  The 
trochophore  in  some  respects  resembles  the  larvsB  of  some  Turbel- 
laria(fig.  231)  and  Nemertines  (fig.  256),  showing  that  the  annelids 
are  related  to  these  groups. 

The  above  account  applies  most  closely  to  the  Chsetopoda  and 
the  closely  related  Archianellida.  In  other  forms  one  or  more 
features  may  be  lacking — in  the  Gephyraea  segmentation  of  the 
body;  in  the  Hirudinei  most  of  the  ccelom  and  the  trochophore. 
Yet  these  are  eo  closely  related  that  they  must  be  included  under 

the  common  head;  the  missing 
characters  have  been  lost  during 
evolution. 


Suh  Class  L   Chmtopoda. 

These,  like  the  Nematoda,  are 
cylindrical  worms,  but  are  at  once 
distinguished  by  the  segmenta- 
tion. Deep  circular  constrictions 
(fig.  274)  bound  the  somites  ex- 
ternally. Internally  the  ccploin 
is  divided  by  the  septa— delicate 
double  membranes  which  extend 
'^ite^fc7'SSS^r^5Jf^'?*?A?lirv'SS    from  the  ectoderm  to  the  alimen- 

month"ai-i  proStomi^STIS.*  mate    ^'^  canal— into  as  many  cham- 
sexual  opening;  83-S7,  ciiteUnm.  heTs  as  there  are  metameres,  while 

a    longitudinal   mesentery,   also  double,  separates  the   coelomic 


■    13' 


* 
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poucliee  of  the  rig^ht  side  from  tho»e  of  the  left  (figB.  275  and 
2TS).  The  alimeutary  canal  also  shows  distinctions;  for  while  it 
differs  greatly  in  the  various  speciei*,  it  has  constantly  a  terminal 
auiiB,  while  the  mouth  is  ventral  and  is  overhang  by  the  preor^ 
segment,  the  proetomium. 

Nervona  aystera,  blood-vessels,  and  excretory  organs  are  influ- 
enced by  the  segmentation.  The  nervous  Byatem  is  built  on  the 
ladder  plan.  It  begins  with  a  siipracBsophageal  ganglion  ('  brain ') 
lying  in  the  proBtomium,  from  whinb  the  CBBophageal  commissures 
pass  nroupd  the  CBBophagus  to  form  the  ventral  chain,  which  con- 
EiBta  of  as  many  pairs  of  ganglia,  united  by  longitudinal  commis- 


Fie.  875.— Anterior  end  of  Kafg  di 

ventr&l  ch&iD.  ii;  dtr,  contr&cinB  uuj 
iKyer  of  »kln;  db,  rb.  dorsal  and  v- 

sures,  OS  there  are  somites  present.  These  ganglia  of  the  ventral 
chain  ar?  closely  similar,  since  the  segmentation  of  the  body  is 
homonymous.  There  is  but  the  slightest  division  of  labor  among 
the  somites,  and  hence  they  diSer  but  slightly  among  themselves. 
The  prostomium  always  bears  tactile  organa  and  frequently  eyes, 
which  in  many  marine  forms  are  highly  developed,  with  lens, 
vitreous  body,  and  retina.  Otocysta  are  rare,  but  occur  in  diverse 
species.  CUiated  pits  (olfactory)  occur  on  the  head,  goblet  organs 
(taete)  ou  head  and  trunk,  and,  lastly,  lateral  organs,  sensory  struc- 
tures of  unknown  function,  may  be  metiimerically  arranged. 

The  blood- vessels  are  moat  frequently  represented  by  two  main 
trunks  which  frequently  (as  in  earthworms)  contain  blood  colored 
red  by  hemoglobin.  One  trunk  runs  dorsal,  the  other  ventral, 
to  the  intestine,  the  two  being  connected  hy  vessels  (figs.  272,  S~6) 
in  each  segment.  The  blood  passes  forward  in  the  dorsal  vessel, 
backwards  in  the  ventral.  It  is  propelled  by  contractile  portions 
of  the  vessels;  usually  the  dorsal  vessel  pulsates,  but,  as  in  the  earth- 
worms, certain  of  the  circular  vessels  inthe  anterior  part  of  the 
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body  may  fnnctioii   as  hearts  (fig.   276,   c).     Rarely,  as  in  tbe 
Gapitellidsd,  circulatory  organs  may  be  lacking. 

The    excretory  organs  (nephridia)  were  formerly  knoim  as 

'eegmental  organs,'  since  tboy  occur  in  pairs  in  each  segment. 

These  supplant  tbe  embryonic  protonepbridia;  each  consists  of  an 

internal  ciliated  funnel,  the  nepbrostome,  a  more  or  less  convo- 

e        ot      dg      Ig       a  p'l     it     ac 


Pio,  878.— Antarlnr  end  of  PonlodrUim  marinnli.    (After  Perrler.)    o,  TascuUrarchM; 

Tesael;  dg^  sepui:  vc-  cerebrum;  I,  retroctorHof  phnryni;  Ig.  later^  blood-' 
n,  ovary:  iw,  wsophnKus;  u.  rereptaoula  neinEnls;  jjh,  pharynx;  pi.  c 
tunnsls  of  vac  defereuBi  a,  nepbrldfa;  vd.  vas  detereos. 


Pia.  sn.— Schematic  crosa-sectlon  of  an  annelid.  lAfter  Lang.)  at.  aclcoltini;  ^ 
ch»t« :  hm,  ventral  nerve  cord ;  *,  dorsal  cirrus;  rtp,  notopodlnm;  *.■  Bill;  '"■ 
longitudinal  muBclea;  mil.  digestive  Iract:  no.  noplirldium:  nr,  ovary:  *'"''",  JT 

dorsal  and  vencral  blood. vessels;  i-p.  nearopudlam. 

luted  tube,  and  the  external  opening  (fig.  G9).  In  many  instances 
(OligochffiteB,  Bome  Polyohietes)  the  nepbrostome  is  in  one  soniil*, 
the  external  opening  in  tbe  succeeding.  The  nephridia  also  a  sun' iT 
serve  as  genital  ducts,  carrying  away  the  reproductive  cells,  whicn 
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always  arise  from  the  coelomic  epitheliam.  Id  the  Oligochsta 
(fig.  286),  besides  the  nepbridia  iu  tlie  genital  segments  special 
oTidncts  and  vaea  defereotia  occur  which  are  nsuaUy  regarded  aa 
modified  nephridia. 

UC  tbe  lUATiy  modificarions  of  nephridin onlj  a  few  can  be  notioed  hare. 
Occasionally  there  miiy  b«  more  tlian  one  pair  in  a  somite,  or  they  may 
have  more  than  one  nepbrostome.  Again,  they  may  be  lacking  from  more 
or  fewer  somites.  In  many  Oligochsetes  they  may  empty  into  tbe  anterior 
or  posterior  ends  of  the  digestive  tract.  In  many  (Qlycera,  Hetione, 
Sephthys,  Qoniada)  tbe  intertial  ends  of  the  nepbridia  are  branched, 
the  branches  being  closed  by 'solenoeytes,' tnbular  cells  bearing  an  internal 
buudle  of  ciiia. 

In  many  marine  annelids  there  occnrs  a  metamorphosis  in  which 
pelagic  larvie  occur.  These,  in  spite  of  their  many  modifications, 
are  comparable  with  the  '  Loveu's  larva,'  the  trochophore  already 


t,  Mme  chmgln?  to  sainnented  worm.    (After 


mented  a 

descnbed  (p.  306).  The  differences  largely  consist  ot  modifica* 
tions  of  the  ciliary  apparatus;  the  number  of  bands  may  be 
increased  (polytroche  larvie),  or  a  single  band  may  occur  at  the 
middle  (mesotroche)  or  at  the  end  (telotroche)  of  the  body.  The 
larva  becomes  a  segmented  worm  by  the  hinder  end  of  the  larva 
prowing   ont   and   dividing  into   segments  (fig.    278).     In   this 
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jointed  portion  the  ccelom  arises  as  a  nev  formation,  divided  from 
the  first  into  separate  chambers.  The  uephridia  also  arise  de 
novo,  indepcudeut  of  the  proton ephridial  system,  which  is  often 
called  head  kidney  because  the  chief  part  of  the  trochophore  forms 
the  head  of  the  adult. 

The  fresh-water  annelids  develop  directly,  but  the  embryos  pos- 
sess a  reminiscence  of  an  earlier  larval  life  in  that  the  head  lobes  are 
very  apparent  and  contain  protonephridia,  which  leads  to  the  con- 
clndon  that  these  animals  earlier  had  a  metamorphosis.  From  the 
resemblance  of  the  trochophore  to  the  Rotifera  the  farther  conclu- 
sion is  drawn  that  the  annelids  have  descended  from  Rotifer-like 
ancestors,  the  body  cavity,  nephridia,  blood-vessels,  and  ventral 
nerve  chain  being  new  formations. 

Besides  sexual  reproduction  many  fresh- water  and  marine 
species  may  reproduce  asexually,  tliis  being  rendered  possible  by 
the  great  horaoiiymy  of  the  segmentation.  Hy  rapid  growth  at 
the  hinder  end  as  well  as  at  a  more  anterior  budding  zone  numer- 
ous somites  are  formed  which  separate  in  groups  from  the  parent 
to  form  young  worms.     In  some  cases  the  formation  of  new  somites 


Fm.  zn.— Budding  In  Uyrinitiit-i,    (After  Mllne-Edintrds.)   The  sequence  at  letters 
showB  the  BSes  of  the  IndlTldnnlfl. 

may  take  place  more  rapidly  than  the  separation,  the  result  being 
chains  of  worms  (fig.  279). 

By  a  combination  of  sexual  and  asexual  reproduction  a  typical  alter- 
nation of  generations  occurs,  the  orii^iri  of  which  receives  light  from  the 
following  tads:  In  many  polyeliffites  which  reproduce  exclusively  by  the 
sexual  process  the  sexless  slowly- moving  young  (atoke)  at  sexual  ma- 
turity becomes  so  altered  in  appearance  as  to  hare  been  described  under 
another  name.    It  becomes  ver]  active  in  its  movemeDts,  and  the  hinder 
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somites,  wbich  contain  tbe  sexuni  organs,  develop  special  bristles  and  para- 
podia  (Bg.  884,  A).  Thus  many  speciea  of  Nereit  pass  into  the  '  Helero- 
nereis'  stugfi.  In  otber  Falyuhaetua  ihe  sexual  part  (upitokej  separates 
from  the  seileea  ntoke  portion  and  swims  fi'eely,  while  ihc  atoke  produces 
new  epitokes.  In  the  Siimoati  Islands  Eunice  viridU  reproduces  in  this 
way,  (be  epitokes  coming  to  ilie  surface  at  certain  times  in  incredible 
numbei's,  forming  ihe  ■  piiloii)  worm,'  a  delicacy  in  ibc  Sjimoan  diet.  In 
still  iilliur  species  tlie  epitoko  regenerates  the  heail  and  tlin.s  liecomes  an 
indepetiilent  generarion.  Syllis  atid  Heteroayllia  are  ihns  related.  The 
Auioljiidffi  furnish  the  most  complication.  Here  the  atokc,  by  budding 
as  in  Myrianida,  fig.  379)  forms  chains  of  dimorphic  individuals  whicb 
later  separate.  Tlie  individuals  of  mule  chains  were  formerly  described  as 
'  PolyboKtri^hiii,'  the  females  as  '  Saccortereis.'  Tbia  same  homonjmy  ex- 
plains the  regenerative  powers  of  many  worms.  Tbns  if  certain  earth- 
worms be  out  in  two,  titey  will  continue  to  live  and  will  reproduce  the  lost 

Another  important  character  of  the  Chsetopoda  is  tbe  pOBBes- 
aion  of  bristles  or  cb»tse.  Tbeao  arise  in  apeeial  follicles,  singly 
or  several  in  a  bunch,  of  which  usually  there  are  four — right  and 
left,  dorsal  or  lateral  and  ventral — in  each  somite.  £ach  follicle 
(fig.  280)  is  a  sac  of  epithelium  opening  on  the  surface  and  having 
at  the  base  a  special  cell  for  the  development  of  each  bristle.  The 
developed  briBtlea  project  from  the  follicle  and,  moved  by  appro- 


Fra.  00.— ArraoKement  of  a  briatle  in  &ii  OlliiochiBte.  (After  V«ldnwabi.)  e,  epltbe- 
llQin;  rm,  im,  circular  and  lonKitudiniil  muBOleB:  m,  muacle  of  Ih^  foIKcfe:  h,. 
chntA  follicle,  Itscbteta  In  function:  br,  follicle  (or  Teplacement.  the  tortnatlve 
cell  at  Ita  bus. 

priate  mnscles,  form  small  levers  of  use  in  locomotion.     Their 
numbers,  shape,  and  support  are  of  much  systematic  importance. 

Order  1.  Polychatte. 
The  Polychsetie  owe  their  name  to  the  fact  that  each  group  of 
bristles  coataios  many  cbsetK;    but  more  important  is  that  the 


313  CmLHBLUISTnBB. 

bristles  pf  eacli  Bide  are  supported  by  a  fleshy  outgrowth  of  tlie 
Bomiter  the  parapodium,  in  which  two  portions  corresponding  to  the 
bunches  of  briBtleB — dorsal,  notopodium;  ventral,  nearopodium 
— ^may  be  recogniied  (fig.  281).     This  is  the  first  appearance  of 


true  appendages,  but  they  differ  from  those  of  Arthropods  in 
that  they  are  not  jointed  to  the  body  nor  jointed  in  tJiemaelTes. 
On  the  dorsal  surface  may  oocnr  diverse  outgrowths,  known,  accord- 


'   (From  TerrUl.) 


ing  to  position  or  function,  as  cirri,  elytra,  gills,  etc. ;  on  the  head, 
palpi  and  tentacles.  The  cirri  are  long  processes  on  the  parapodia, 
and  like  palpi  are  tactile  (fig.  281).  Elytra  are  thin  lamelb 
which  cover  the  back  like  shingles  and  thus  protect  the  body. 
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Nearly  all  Polycbet«B  are  dicecions  and  undergo  a  more  or  less  pro- 
nounced metamorphosis;   with  few  exceptions  {Manyunkia*  from  the 
Schuylkill.  Nereis  *  in  California)  the;  are  marine.    They  are  n&nally 
divided  according  to  their  habits  into  fixed  (Sedentaria)  and  free  forms 
(Errantia),  bat  this  classification  lacks  a  morphological  basis.    The  Seden- 
taria feed  on  vegetable  matter,  usually  form  tubes  of  leathery  orgatiio 
substances,  in   which  foreign  matter  may  be  incorporated  or  which  may 
be  calcified.     The  worms  project  their  anterior  segments  from  the  tubes. 
The  Errantia  often  secrete  gelatinous  tubes  in  which  they  can  hide,  but 
tlieyDeverloee  their  powers  of  locomotion,  and  from  time  to  time  leave  their 
retreats  and  swim  about  preying  on  other  animals.   Correlated  with  habits 
are  differences  iu  structure.    In  the  Errantia  the  head  and  trunk  are  not 
very  different ;  the  anterior  part  of  Che  alimentary  tract  can  he  protruded 
as  a  proboscis,  aud,  corresponding  to  their  predaceous  habits,  is  often 
armed  with  strong  jaws  (fig.  S61,  A).     In  the  Sedentaria  there  are  no  such 
pharyngeal  teeth,  but,  on  the  other  hand,  there  is  a  greater  difference 
between  anterior  and  posterior  somites.    In  the 
latter  the  parapodia  are  weakly  developed,  and 
this    part   resembles  the  Oligochtetes    in    ap> 
pearanee.     The    head    and    beginning    of  the 
trunk  (thorax)  are  richly  provided  with  gills 
and  tentacles  for  respiration  and  the  taking  of 
food  (fiR.  S82). 

Sub  Order  I.  EftRANTIA.  Predaceons 
annelids  with  strongly  armed  pharynx.  The 
EuNiCiDjE,  mostly  represented  on  our  shores  by 
small  species,  contains  some  species  a  yard  in 
length.  JDiopatra*  Mthria.*  The  Alhopida 
are  transparent  pelagic  forms  with  large,  highly 

developed  eyes.     The  Svllid^  usually  have   ^fni^^litt^'  EhiK 
three  long  tentacles  ;  Autolytus*  Myrianida'      ein?B^"ci'^i'>nd^™'i?^p^lS 
(p.  810).   ThePOLYSOmx' {Lepidonotus,*  Fbly-      projecting  Bt  the  sides. 
tioe*  (Qg.  283),  Aphrodite  acukata,^  the  sea 

mouse,  6  inches  long)  are  bottom  forms  with  elytra  covering  the  back. 
NsaEiDf  ;  Nereit  virens,'  the  clam  worm  of  all  northern  seas. 

Sub  Order  II.  SEDENTARIA  fTubicola,  Cryptocephala).  Tliese  forma 
cannot  wander  about  nt  will,  but  live  in  their  tubes.  In  the  Sabrlli- 
us  the  tube  is  membranous  and  there  is  a  crown  of  gills ;  Myxicola,* 
Chone*  Manyunkia.'  In  the  Eerpclid^  the  tube  is  calcified  and  is 
closed  by  an  operculum  on  one  of  the  gills.  Hydroidet;  *  Spirorbis* 
forming  coiled  tubes  on  seaweed  ;  Pi-otula.*  The  ARENicoLiDiE,*  which 
burrow  in  sand,  have  gills  on  the  sides  of  the  body.  The  Maldahida 
(Clymene,*  Axiotkea")  have  extremely  long  segments  and  builil  tubes 
of  sand.  The  Terebbllida  (TerebeUa*  AmphUrite  (flg,  283),  TTielepus") 
have  numerous  filiform  tentacles  and  branched  gills  on  the  anterior  end. 

The  ARCHIANELLID.^,  which  lack  bristles  and  parapodia, 
must  be  placed  near  the  Polychfetie  and  are  usually  regarded  as  very 
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primitiTe  forms  which  in  Btrneturo  and  development  (fig.  273)  are 
of  importance  in  the  ph^'logenesis  of  the  Annelida.    PolygordtHa.* 


hfrfll'i.!./i..t.-7f 


t  tonpustii.    iFrom  BmertoD  uid  VorrtttJ 

Oraerll.  OUsoduets. 
The  Oligochffitee  are  almost  as  preemineotly  fresh-water  and 
terrestrial  forma  ae  the  Polychsetes  are  marine.  They  are  in 
most  rcBpects  simpler  than  their  marine  relatives,  apparently  the 
result  of  degeneration,  which  has  followed  from  the  more  simple 
conditions  of  existence.  Eyes  are  radimentary  or  lacking,  they 
have  no  palpi,  cirri,  or  tentacles;  gills  are  rare,  but  most  striking 
is  the  absence  of  parapodia,  the  bristles  projecting  directly  from 
the  body  wall  (fig.  380).  The  chffitse  may  be  regularly  distributed 
aronnd  each  somite  (Perichaln)  or  gathered  on  the  sides  {Megas- 
colea-)  or  arranged  in  fonr  bunches  so  that  in  the  animal  four 
longitudinal  rows  occur.  The  animals  are  hermaphroditic,  testes 
and  ovaries  lying  in  different  somites.  Usually  the  integument  in 
the  neighborhood  of  the  sesual    openings  is  thickened  by  the 
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presence  of  nnmeroiiB  glands,  forming  a  elitellum  (fig,  274),  which 
secretes  the  egg  cocooni'.  The  clitellum  ulso  functioiiB  in  copula- 
tion, secreting  bands  which  hold  the  animals  together  so  that 
the  sperm  from  one  passes  into  the  receptaculum  seminie  of  the 
other.  After  impregation  the  eggs  are  nsuall;  enclosed  in 
cocoons, 

Sab  Order  I.  LIMICOLA  (Microdrili.)  Mostly  fresh-water  forms. 
The  TuBinciDA,  in  consequence  of  the  red  blood,  wben  present  in  large 
nuiubers  color  the  bottom  red.    They  quickly  retract  into  tbe  tubes  whicU 


Pia.  £%— j^ufophortu  vagut.  In  tube  of  PectinattUa  atatoblastB.    (After  Leldr) 

they  form  in  the  mud.  JSibifex,'  PetoacoUx  ;  CliteUio  irroratus*  contmoa 
on  our  seashores.  The  Naidid^  are  transparent  forma  living  on  water 
plants    which  reproduce  asexually  tbroughout  nearly  the  whole  year. 


FiO.  teO^'BexUBl  orKani  at  LambHau  Aerculem  (after  Vogt  et  Jnngl:  the  Bemtnal 
veBloles  of  tbe  right  side  outaw&y  lim.vflntrsl  oerre  cord;  bl,bv,  lateral  aod  Ten. 
tml  rowB  of  iiet»:  di,  BeplA;  ft,,  h,.  testig,  enclosed  in  sperm  roBorrolr;  a.  oTAriee; 
m,  Dvldacts ;  ttm,  sperm  reservoir ;  sh,.  „  „  sperm  eocs  (eemlnal  vesicles) ;  nf ,, 
seminal  receptacles;  t,,  U,  seminal  fannels  ooonected  with  the  rasa  deterentla; 
to.  fODiielB  of  oviducts;  «%  vas  deferens. 

Derv*  and  Aulophonts*  have  gills  around  the  anna.  ENCHYTR«n)i; 
JHatichqpus,  Foehydrilug.  The  Biscodriluia  (Bdellodnlus,  Myzobdeiia) 
are  parasitic. 

Sub  Order  II.  TEBKICOLA    (Macrodrili).     Here  belong  tbe  terrestrial 
forms,  the  earthworms,  our  species  of  moderate  size,  in  the  tropics  lairge 
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species  {MegasaHex  amtralit  four  feet  long).  Our  species  belong  to 
Lumbriau,*  AlU^MjAora*;  Periehata*  has  been  introduced  from  the 
tropics;  Diplocardia*  with  double  doraal  blood-vesset.  Most  species  agree 
in  habits;  they  burrow  through  the  earth,  swallowing  the  humus  and 
casting  the  indigestible  portions  on  the  surface.  They  loosen  the  soil  and 
are  oontinoally  bringing  the  deeper  parts  to  the  surface,  and  thus  do  great 
good.  Contrary  to  oft-repeated  statements,  earthworms  occurred  in  our 
prairies  and  plains  when  first  broken  up  by  the  plow.  Details  of  the 
reproductive  organs  at  one  species  are  shown  in  fig.  286.  These  vary 
greatly  and  are  largely  used  in  classification. 

Sub  Class  11.  Gepht/raa. 
The  ezclusivelf  marine  Qephynea  are  distingnished  at  the  first 
glance  from  the  Chietopoda  by  the 
entire  absence  of  segmentation.  The 
body  is  oval  or  spindle-shaped,  circular 
in  section.  The  mouth,  at  the  ex- 
treme anterior  end,  is  either  surronnd- 
ed  by  a  circle  of  tentacles  (&g.  287) 
and  IB  retracted  together  with  the 
anterior  end  of  the  body  by  internal 
retraotOT  mnacles,  or  is  overhang  by  a 


Dath;  »,  nephrldia;  nc.  vent 

.— Larva  itrocaopbore)  of  £I;hmriu.    (After  Hatschek.)    a,  anui:  d.  [ntenUDe: 

Ad,  poBtoral  cilia;  kn,  proton ephrldl a:  m,  moulhi  met,  mesodemi  bandHVrltb  Indi- 
cation of  BeBmentB:  n.  ventral  nerve  cord;  ac,  tBeophaKsal  commluore;  v,  aptoal 
plat«;  no,  preoral  clllat«d  band. 


///.   ANNELIDA:   QEPHTRjEA.  317 

dorsal  spatulate  preoral  lobe  or  •  proboscis '  which  may  be  several 
times  the  length  of  the  body  and  forked  at  its  tip  (fig.  289). 

Internal  segmentation  is  also  lost,  septa  being  entirely  lacking. 
The  nephridia  are  also  reduced  in  number,  at  most  but  three  pairs 
being  present,  and  in  some  but  a  single  unpaired  organ.  They 
are  sexual  ducts,  and  in  the  Chsetiferi  there  are  special  excretory 
organs  (fig.  289,  g)  covered  with  branching  canals  opening  to  the 
body  cavity  by  nephrostomes  and  emptying  into  the  intestine.  These 
resemble  somewhat  the  branchial  trees  of  the  holothurians  {infra), 
and  hence  these  animals  were  formerly  supposoJ  to  bridge  the  gap 
between  holothurians  and  annelids,  whence  the  name  (yetpvpay 
bridge)  Gephyraea.  The  vascular  and  nervous  systems  are  more 
like  those  of  other  annelids.  The  vascular  system  consists  of  a 
dorsal  and  usually  a  ventral  longitudinal  trunk;  the  nervous 
system  of  a  brain,  oesophageal  collar,  and  ventral  cord,  the  latter 
without  division  into  ganglia.  The  relations  of  the  Oephyrsea 
to  the  Chaetopoda  are  shown  by  the  development.  In  some 
(ChsBtiferi)  there  is  a  trochophore  (fig.  288)  from  which  the  worm 
arises,  as  in  the  Chaetopoda,  by  growth  at  the  hinder  end;  this  at 
first  has  a  segmented  coelom  and  nervous  system,  the  metamerism 
being  lost  later. 

Order  I.  Chstiferi  (Armata,  Echiuroidea). 

With  spatulate  preoral  lobe,  often  forked  at  the  tip;  at  least  a  pair  of 
ventral  setse;  a  trochophore  in  development.  Echiurus  paHasii*  in  our 
northern  waters,  Thalassema*  farther  south.  In  Bonellia  there  is  a 
marked  sexual  dimorphism  (fig.  289).  The  female  is  2  to  3  inches  long  and 
has  a  proboscis  8  to  12  inches  long.  The  male  is  only  1  mm.  long,  totally 
different  in  appearance,  and  lives  parasitically  in  the  oesophagus  of  the 
female  (fig.  289,  B). 

Order  II.  Inermes  (Achseta,  Sipunculoidea). 

Distinguished  by  lack  of  chsetae,  the  mouth  surrounded  by  tentacles, 
and  the  dorsal  and  anterior  position  of  the  anus.  The  larva  is  a  modified 
trochophore  without  preoral  ciliated  band  and  without  segmentation;  only 
two,  sometimes  but  one,  nepliridia.  Phascalosoma*  common  on  our 
shores.  Phascolion  stromhi*  builds  tubes  in  deserted  snail  shells.  Sipun" 
ctUtis.* 

Order  III.  Priapuloidea. 

No  tentacles,  mouth  with  chitinous  teeth,  terminal  anus,  no  nephridia; 
two  protonephridia  united  with  the  sexual  organs  and  opening  either  side 
of  the  vent.    Development  unknown.     Fnapidiis,  Halicrypttis. 
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Sub  Cla»s  III.  Hirudinei  (Discophori). 
Three  poiiits  of  external  structure  clearly  distinguish  the  leeches 
from  the  clicetopods.  First,  the  absence  of  bristles  (except  in 
Acanlhobdella)  and  the  presence  of  two  Buckers,  one  of  which  occurs 
on  the  posterior  ventral  surface  and  is  used  only  for  attachment 
and    locomotion,  the    other,   sometimes    Bcarcely  diSerentiated, 


cloaca^  ti,rudlmentiiry  intoatine;  p,  eicretory  organ;  i.  .  .._,      ,    

porting  lnt«Bt<De;  •.  balls  of  Hpermatoioa  In  B,1n  A,  pmboacix  (preoral  lobe):  u, 
single  Begmectai  organ,  rutictioning  as  oviduct:  va,  nephrldlum  with  clUkMd 
fnnnel  spring  aavaa  deferena. 

surrounds  tlie  mouth  and  is  used  in  sucking  the  food.  In  locomo- 
tion anterior  and  posterior  suckers  are  alternately  attached,  the 
body  being  looped  up  and  extended  like  that  of  a  '  span  worm,' 
The  animals  can  also  swim  well  by  a  snake-like  motion  of  the 
whole  body. 

A  second  point  is  the  fine  ringing  of  the  body,  there  being 
usually  many  more  rings  than  somites,  the  primitive  segment  rings 
being  divided  by  secondary  constructions,  there  being  three,  five, 
or  even  eleven  rings  to  a  segment.  The  middle  or  one  of  the 
snterior  rings  is  often  distinguished  by  bearing  strongly  developed 
sense  organs.  As  in  the  earthworms,  certain  of  the  somites  at  the 
time  of  reproduction  may  develop  into  a  clitellum  which  secretes  the 
eT2  cocoons. 
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A  third  character  is  the  marked  flattening  of  the  body  in  the 
doFBOventral  direction  {except  in  Ichthyobdellidte  and  a  few  other 
forms),  the  animals  tbas  recalling  the  Qatworms.  This  may  be 
the  result  of  the  very  slight  development  of  the  coelom.  In  moat 
leeches  there  ib  a  body  parenchyma,  traversed  by  longi- 
tudinal,transverse  and  dorsoventral  mnsclca  in  which 
the  organs  are  immediately  imbedded  (fig.  3dO), 

The  alimentary  tract  is  provided  with  paired 
diverticula  (fig.  291),  varying  in  number  in  different 
species.  Between  the  last  and  largest  pair  of  these 
sacs  is  the  intestine,  which  opens  dorsal  to  the  pos- 
terior sucker.  The  jawed  and  jawless  leeches  show 
considerable  differences  in  the  pharyngeal   region. 


F».  no.  Fio,  fn. 

Fia.tlD.—TranSTenia  section  nf  Hiruifu  mnlfWnDlfi.  (From  Ijins.)  itni.Im.rni.  dorso- 
ventral. loDKltDdlnal,  and  circular  mntcleB^  vl.  vd,  w.  latoraT.  dorul.  sod  ventral 
blood- veBBelB.  the  latter  auironndlng  tha  ventral  nerve  cord,  iii:  h,  teBtes;  vd,  voa 

^    de'erons:  mrf.  midgut;  np,  nephrldlal  tubute;  ri'p,  arlnary  bladder. 

Fia.  tkl.— Digestive  tract  of  »::i..i(.  mnliiinalU.  (From  Lang.)  u,  (BBophajruB ;  b,  In. 
tenine;  d,,  d,.  gaatric  diverticula. 

In  the  first  there  are  three  jaws  in  the  phaynx,  semicircular  chitin- 
ous  plates,  the  free  edge  of  each  armed  with  numerous  calcified 
teeth  (fig.  292).  To  these  are  attached  two  muscles,  one  to  retract 
them,  when  not  in  use,  into  pockets,  while  the  other  exserts  them 
and  rotates  them,  causiog  a  triradiate  wound  from  which  the  blood 
flows.  This  bleeding  is  difficult  to  staunch,  since  glands  on  the 
lips  and  between  the  jaws  produce  a  secretion  which  hinders  the 
coagulation  of  the  blood.  In  the  jawless  leeches  a  sharp  conical 
process  arising  from  the  pharynx  can  be  protruded  from  the 
month,  and  serves  for  wound  ing  and  sucking.  The  vascular 
system  usually  contains  red  blood,  and  consists,  in  the  Gnatho- 
bdellidee,  of  four  longitudinal  trunks,  a  dorsal,  two  lateral,- and  a 
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ventral,  the  latter  snirouading  the  ventral  nerre  cord.     These  are 
connected  by  a  complicated  system  of  capillaries. 

The  nervoas  system  consists  of  brain  and  ventral  cord,  the  lat- 
ter containing  frequently  twenty-three  ganglia  (the  first  of  five 
fused,  the  laat  of  seven).  Nerves  from  the  brain  go  to  the  eyes. 
Eight  and  loft  of  the  ventral  cord  are  the  hermaphroditic  sexual 
organs.     In  Hirudo  medicinalis  (fig.  293)  there  are  nine  pairs  ol 


Fio.  293.— NarvouB  Bystem.  bliMd-veBselH,  bbiubI  organa,  nnd  nepbrldla  of  a  leech, 

nerve  cord:  nli,  epldldynila;  uv,  ovnry;    u,  peniB;  k,  nephridla:  ii,  ateruH  and 
vagina;  vd.  vaa  deferenB;  vg.  ventral  blood-veBael. 

testes  (It),  the  ducts  of  which  unite  to  form  a  vas  deferens  on 
either  side  {ed).  These  pass  forward,  form  by  coiling  a  so-called 
epididjmiiB  (n/j)  and  empty  into  the  median  unpaired  penis  {p). 
In  the  space  between  the  epididymis  and  the  first  pair  of  testes 
are  the  ovaries  (ou)  and  oviducts  and  an  unpaired  vagina  («).  The 
nephridia  (17  pairs  in  this  species)  are  complicated  and  are  pro- 
vided with  bladder-like  expansions. 

Thnt  the  Hinidinei  are  true  annelids  and  not  segmented  Plailielminthes 
is  based  upon  the  view  that  their  coelom  is  reduced  bj-  ingrowth  of  paren- 
chyma and  altered  to  canals  connected  with  the  vascular  system.  At 
any  rate  the  ventral  and  lateral  vessels  are  to  be  reganled  as  remnants  of 
a  ctelom.  In  Ctepsine  there  are  the  dorsal  and  ventral  blood-vessels  of 
the  Cheetopoda  and  besides  four  longitudinn!  ctelomic  sinuses  connected 
by  transverse  anastomoses.  The  dorsnl  sinus  enclosea  the  dorsal  blood- 
vessel, the  ventral  many  of  the  viscera,  among  them  the  ventral  nerve 
cord.  This  is  also  to  be  rej^ardcd  aa  ccelomic,  since  the  nephrostomes  con- 
nect with  it.  In  most  Hirudinei  a  canal  system  fllled  with  blood  has 
arisen  from  the  coelom  and  blood-vessel,  and  in  Nepbelis  is  in  part  lacunar 
in  character.  Further  relations  are  shown  by  AoanthdhdeUa  peUdina, 
parnsilio  on  fishes.    This  bas  both  blood-vessels  of  the  Oligochetee,    a 
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bodj  cavity  divided  by  septa  and  cliSBtae.  On  the  other  hand  it  is  leech- 
like in  other  features;  two  suckers  and  sexual  apparatus  on  the  Hiru- 
dineau  pattern. 

Order  I.  Gnathobdellidae. 

The  jawed  leeches  include  Hirudo  medicinalis,  once  extensively  used 
for  blood-letting  but  now  little  employed.  Hamadipsa  includes  land 
leeches,  one  of  the  terrors  of  travelers  in  the  tropics.  In  Nephelis  *  the 
jaws  are  soft.    MacrabdeUa  *  includes  our  largest  native  species. 

Order  II.  Rhynchobdellidae. 

Without  jaws.  The  Clepsinid^  mostly  feed  on  snails  and  fishes. 
Clepsine  *  in  our  waters.  Hcementaria  officinalis  of  Mexico  is  used  for 
blood-letting ;  H,  ghiliani  of  South  America  is  poisonous.  The  Ighthto- 
BDELLiD^,  cylindrical,  occur  in  salt  and  fresii  wat«r,  parasitic  on  fishes. 
IcTUhyobddlay*  Pontohdella^*  marine  ;  Piscicola,  fresh  water. 

Class  IV.  Polyzoa  (Bryozoa). 

In  external  appearance  the  Polyzoa  closely  resemble  the 
hydroids,  so  that  the  inexperienced  have  difficulty  in  distinguishing 
them.  Like  them  by  budding  they  form  colonies  which  are  either 
gelatinous  or  calcareous  incmsting  sheets  or  assume  a  more  bush- 
like character.  Further  they  have  a  crown  of  ciliated  tentacles 
Tvhich  can  be  spread  out  or  quickly  retracted.  In  internal  charac- 
ters the  two  groups  are  greatly  different.  The  Polyzoa  have  a 
complete  alimentary  canal,  with  its  three  divisions,  which  is  bent 
upon  itself  so  that  the  anus  lies  near  the  mouth.  The  central  nerv- 
ous system  lies  between  mouth  and  anus,  and  the  single  pair  of 
nephridia  empty  by  a  common  opening.  Beyond  this  it  is  diffi- 
cult to  go,  since  the  two  groups  of  Polyzoa — Endoprocta  and  Ecto- 
procta — differ  so  widely  that  one  may  doubt  whether  they  belong 
together.  The  Entoprocta  have  no  coelom,  and  resemble  in  this 
respect  the  Rotifera;  the  Ectoprocta  are  true  Ccellielminthes  and 
by  way  of  Fhoro7iis  show  resemblances  to  the  Sipunculoida  and  so 
to  the  Annelida. 

Sub  Class  L  Entoprocta. 

The  single  individuals  of  the  Entoprocta  (fig.  294)  are  shaped 
like  a  wine-glass  and  are  placed  on  stalks  which  rise  from  (usually) 
creeping  stolons.  The  circle  of  tentacles,  arising  from  the  edge 
of  the  cup,  enclose  the  peristomial  area  in  which  are  both  mouth 
and  anus^  and  between  these  the  excretory  and  reproductive  organs 
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Open-  The  space  between  the  horseshoe- shaped  intestine  and  the 
body  surface  is  completely  filled  by  a  pa- 
reachyma  containing  muscle  cells,  and 
correspondingly  the  excretory  organs  are 
protonephridia.  In  our  fresh-water  I'rnit- 
tilla  gracilis  *  these  organs  are  branched 
and  begin  with  flame  cells.  Pediceliina  * 
and  LoxoBoma,  marine. 

Sub  Class  II.  Ectoprocta. 
In  the  Ectoprocta  there  is  a  spacious, 
often  ciliated,  ccelom  between  the  alimen- 
tary  canal   and   skin,  so   that   these  are 
separated  and  have  a  certain  amount  of 
independence  (fig.  395).     On  tliis  account 
(After  NitschB.)  Single  In- has    arisen    a    peculiar   method    (wholly 
^'7  ™t'nm;  "SVBft^^oS;  indefensible  morphologically)  of  treating 


'  them  as  two  individuals,  polypid,  the  in- 
testine and  centaclee;  cgstid  the  rest,  especially  the  body  wall  and 
Bkeleton. 


«  (otter  NitAche),  a  (rfngle  kolmal.  n,uiQt:  rJe,ectocyit 

. u —  t  ~"-ir  which  permits  complete  retni- 

u.  cesophaKDB.    A,  sTioaUrlam;  k 


vltar&Gularium  of  Su0u;<t.    (After  ClaparMe.) 

The  cystid  is  cup-shaped  or  saccular.  It  consists  of  an  endo- 
cyet — the  body  wall — and  an  ectocyst — a  cuticular  skeleton,  usually 
strongly  calcified,  secreted  by  the  ectoderm.     The  surface  of  the 
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entocyst  is  always  covered  by  the  ectocyst  only  on  the  basis  and  side 
walls;  the  peripheral  end  remains  soft  and  forms  a  sort  of  collar 
into  which  the  tentacles  and  adjacent  parts  of  the  cystid  can 
be  retracted.  In  the  ectocyst  there  is,  as  will  be  seen,  a  larger  or 
smaller  opening  which  in  many  species  (Chilostomata)  can  be 
closed  by  a  lid  (operculum).  The  circle  of  tentacles  surrounds 
the  mouth  alone,  while  the  anus  is  outside  near  the  collar.  The 
strongly  bent  alimentary  canal  extends  into  the  cystid  and  is  bound 
at  its  hinder  end  by  a  cord,  the  funiculus,  to  the  base  of  the  cystid. 
Ganglion  and  nephridia  lie  between  the  mouth  and  anus.  The 
gonads  arise  from  the  epithelium  of  the  coelom,  the  testes  usually 
on  the  funiculus,  the  ovaries  on  the  wall  of  the  cystid. 

Hundreds  and  thousands  of  individuals  form  colonies  (fig.  297) 
in  which  cystid  abuts  against  cystid.  The  coelom  of  adjacent  cystids 
may  be  distinct  or  a  wide  communication  may  exist.  The  colonies 
grow  by  budding;  in  the  Gymnotemata  a  part  of  a  cystid  becomes 
cut  off  as  a  daughter  cystid  in  which  the  polypid — alimentary  tract 
and  tentacles — arises  by  new  formation ;  or  (PhylactolsBmata)  the  bud 
anlage  of  the  polypid  arises  before  the  first  appearance  of  the  cystid. 

Division  of  labor  or  polymorphism  is  common.     Besides  the 

animals  already  described,  which  are  primarily  for  nourishment, 

three  other  individuals  may  occur,  ovicells,  vibracularia,  and  avic- 

ularia.     All  three  are  cystids  which  have  lost  the  polypid.     The 

ovicells  are  round  capsules  which    serve   as  receptacles  for  the 

fertilized  eggs.     The  vibracularia  (fig.  296,  B)  are  long  tactile 

threads;  the  avicularia  (fig.  295,  A)  are  grasping  structures  of 

uncertain  function.     They  have  been  seen  to  seize  small  animals 

and  hold  them  until  decay  set  in.    It  is  possible  that  the  fragments 

seriro  as  food  for  the  polypids.     The  avicularia  have  the  form  of  a 

bird^s  head,  the  movable  lower  jaw  being  a  modified  operculum. 

Under  unfavorable  conditions  a  polypid  in  a  cystid  may  break  down 
and  be  lacking  for  some  time  until  better  relations  cause  its  new  forma- 
tion. Besides  in  the  depopulated  cystids  there  may  appear  statoblasts, 
lens-shaped  many-celled  internal  buds  enveloped  in  a  firm  envelope  which 
form  a  resting  stage  for  the  preservation  and  distribution  of  the  species. 
Each  statoblast  is  surrounded  by  a  girdle  of  chambers  which  by  drying 
become  filled  with  air,  causing  the  statoblast  to  float  when  it  again  comes 
into  water.  From  the  statoblast  a  smaller  polyzoon  escapes  which  de- 
velops a  new  colony.  The  statoblasts  are  adaptations  to  the  conditions 
of  fresh-water  life  and  occur  only  in  the  Phylactolsemata. 

Order  I.  Gymnolsmata  (Stelmatapoda). 

The  tentacles  in  a  ring  around  the  mouth.  The  numerous  species  are 
almost  exclusively  marine  and  are  abundant  on  every  coast.    In   the 
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CHIlXfflTOMATA  the  cystids  CBn  be  closed  by  aa  operculum  Cfemmel- 
laria*  Cellularia*  Bttgula*  Flustra*  (flg  285),  Btdtara*  The 
CYOLOSTOMATA  have  tubular  cjstida  without  an  operculum      Cnsta* 


\  I*  .'■■■••. 


:  K.  KiutlOikiai 


F.   iJ?ni"riH 


Fia.  2M.— Amerlcnn  ei'mnoInmatouB  Poljnoa.    (After  Bask.  HInfks,  NormsD,  snd 

'■'•rrd,  tirelialapii:  U.  Ltifratia'aMr, 

Tubulipora*  Ilornera."  In  Ilie  CTENOSTOMATA  ihe  cystid  is  more  cal- 
s  tind  the  ojH'iiiit^  is  closed  by  n  foldi-d  iiii'tubmiic.  Alcyonidium,* 
Vesicularia,  Valkeilii."  I'iilwUcella  •  (fresli-wiitci'). 

Oid«r  n.  PhyUctoltemAtA  (Lophopoda). 
Tentacles  borue  on  a  horseshoe-shaped  lophophore  eztending  on  eitliei 


no.  IBT.— Small  coIodt  of  hophopua  cryilnllinut 

old.  some  eitended,  othere  more  or  leai 

side  of  the  mouth,  the  tentacles  on  iis  nitirgins.     AD 

apecies.    I'eclinalella,'  Lopfiopus  (fi;;.  327),  Plumatella* 
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Class  V.  Phoronidea. 
The  single  genua  PAoronis*  occurs  on  our  eastern  shores. 
The  animal  was  first  placed  among  the  Chietopoda  on  occonut  of 
its  worm-like  body  situated  in  a  chitinous  tube  like  many  sedentary 
annelids.  Then  it  was  placed  in  tbo  Folyzoa,  with  which  it  is 
more  nearly  related.  The  young,  described  as  Actinotrocha,  is  a 
modified  trochophore  with  the  mouth  overhung  by  a  large  hood 
and  the  postoral  hand  of  cilia  drawn  out  Into  a  series  of  fingers 
which  become  the  tentticles  of  the  adult;  the  anus  is  termiual. 
At  the  time  of  metamorphosis  this  larva  becomes  doubled  on  itself 
by  a  complicated  process,  so  that  the  alimeutar}'  cnual  is  U-shaped 
and  the  anus  is  near  tbo  mouth,  while  the  tentacles  are  borne  on  a 
horseshoe- shaped  basis  around  the  mouth. 

Class  VI.  Brachiopoda. 

On  account  of  the  bivalve  calcareous  shells  the  Brachiopoda 
were  long  regarded  as  molluscs,  but  later  the  fact  that  the  valves 
are  not  paired  as  in  the  Jamellibranchs,  but  are  dorsal  uud  ventral, 
that  the  nervous  system,  the  excretory  and  reproductive  organs, 
the  body  cavity,  and  the  development  resemble  those  of  the  annelids 
rather  than  thoee  of  the  molluscs,  led  to  their  recognition  as  a  dis- 
tinct class  allied  to  the  former  gronp. 

The  body  has  a  greatly  shortened  long  axis  (fig.  298)  and  in. 
consequence  a  transversely  oval  visceral  sac    In  most  a  stalli  (st)  for 


tta.  MB.— Anatomy  d(  Rhjmthaaella  pittlucea.  (After  Hancock.)  n',  left,  n',  rigbt 
arm;  ■,  open  ini  Into  the  cavity  of  the  arm :  d.  Intestine:!,  blind  end  of  the  inlm- 
tlne:  ff,  fitomacti  with  IJver;  m,  addnctora  and  dIvaHcatora  of  Bhell;  o.  csBophuiu; 
p'.p'.doreal  and  ventral  mantle  lobea;  il,  stalk;  J,(.  Snt  and  second  Mptum,  on 
the  second  a  nepbro  atoms. 

attachment  arises  from  the  posterior  end.     From  the  anterior  side 
two  folds,  the  mantle  lobes,  extend  forwards  {p),  one  ventral,  the 
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other  dorsal,  tlieir  free  edges  bearing  bristles.  Each  maDtle 
secretes  a  shell  largely  composed  of  carbonate  and  phosphate  of 
lime.  In  a  few  the  dorsal  and  ventral  shells  are  similar,  bnt 
usually  the  ventral  valve  (in  Crania  attached  directly  without  the 


t».~irnI(Mefn«i  ifoKoroM.  (From  Zitl 
rith  friDEed  border  </i};  c,  c'.divkrIcKI 
ertlul  Uae  BhuiTS  yosfUon  of  hioge)- 


inteirentioD  of  a  stalk)  ie  more  strongly  arched  and  has  an  opening 
at  the  posterior  end  for  the  passage  of  the  stalk  (figs  299,  <tOO). 
The  flatter  dorsal  valve  frequently  bears  a  characteristic  feature  in 
the  skeleton  of  the  arms  (fig.  300)  which,  when  present,  baa  greatly 


Jta.  300.— W' 

r™  ■  diTHricatorsFy  b\ni«  (rroovBof  "upperYalye  In  wtfich  the  tooth  (i)"of"  the 
lower  valve  pasaesi  ',  support  oC  arms  i  d,  dvltldium;  /,  foramen  tor  sUlk. 

different  expression.  Its  basis  consists  of  two  ctilcurcons  rods 
which,  bilaterally  symmetrical,  project  downwards  frnm  the  dorsal 
valve.  These  may  be  connected  by  a  curved  transverse  band,  and 
from  their  ends  a  spiral  process  may  extend  on  either  side.  Tliis 
.  ;apparatu8  supports  the  spiral  arms.  Wten  closed  the  valves  com- 
•pletely  enclose  the  body.     When  they  open  the  gape  is  anterior. 
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the  posterior  parts  remaining  in  contact.  At  this  part,  except  in 
the  Ecardines,  a  hinge  is  developed  jnst  in  front  of  the  posterior 
margin,  consisting  of  projections  (teeth)  in  the  ventral  valve  which 
fit  into  corresponding  grooves  in  the  dorsal.  Opening  and  closing 
the  valves  are,  contrary  to  what  occurs  in  Lamellibranchs,  active 
processes,  accomplished  by  appropriate  divaricator  and  adductor 
muscles  (fig.  299).  These  produce  scars  on  the  shell,  important  in 
the  study  of  fossil  forms. 

The  usually  spirally  coiled  arms,  which  lie  right  and  left  of  the 
mouth  and  which  give  the  name  to  the  class,  fill  most  of  the  shell. 
On  the  outer  side  of  the  spiral  axis  runs  a  longitudinal  groove 
which  reaches  to  the  tip  of  the  arms  and  is  bounded  by  a  row  of 
small  tentacles.  By  means  of  cilia  on  tentacles  and  groove  food  is 
brought  to  the  mouth.  These  arms  strongly  resemble  the  lopho- 
phore  of  a  phylactolsBmate  Polyzoan,  which  only  needs  extension 
and  coiling  to  produce  this  condition.  In  development  the  arms 
of  the  Brachiopod  pass  through  a  lophophore  stage. 

In  the  body  there  is  a  body  cavity  which  extends  into  both 
mantle  folds.  It  encloses  alimentary  tract,  gonads,  and  liver,  and 
is  divided  into  right  and  left  halves  by  a  dorsal  mesentery  support^ 
ing  the  intestine.  Each  half  in  turn  is  divided  by  incomplete 
septa  into  anterior,  middle,  and  posterior  divisions  recalling  those 
of  Sagitta  (p.  296).  If  the  arrangement  of  the  septa  is  not  so 
clear  as  in  that  form,  it  is  to  be  explained  by  the  shortening  of  the 
long  axis  and  the  twisting  of  the  alimentary  tract.  This  latter 
consists  of  oesophagus,  stomach,  which  receives  the  liver  ducts,  and 
intestine,  which  in  some  species  terminates  blindly. 

The  gonads  are  chiefly  in  the  mantle  lobes.  The  sexual  cells 
pass  outwards  through  the  nephridia,  which  begin  in  one  coelomic 
pouch  with  a  wide  nephrostome,  perforate  the  septum,  and  open 
to  the  exterior  in  the  next  somite.  Since  usually  there  are  two 
septa,  two  pairs  of  nephridia  may  occur,  but  one  is  usually  degen- 
erate. The  nervous  system  consists  of  an  oesophageal  ring  with 
weak  dorsal  ganglion,  which  sends  nerves  into  the  arms,  and  a 
stronger  ventral  mass  representing  the  ventral  chain.  The  heart 
lies  dorsal  to  the  stomach. 

Ill  development  the  brachiopods  recall  both  Sagitta  and  the  Annelida. 
They  resemble  Sagitta  in  that  in  Argiope  the  coelom  arises  by  out- 
growths from  the  archenteron,  divided  by  septa  into  three  pairs  of  pouches. 
They  are  annelid-like  in  the  form  of  larva  and  in  the  presence  of  chaetse 
which  are  formed  in  separate  follicles.  In  an  earlier  period  of  the  earth 
brachiopods  were  so  numerous  in  species  and  individuals  that  they  are 
among  the  most  important  fossils  in  the  determination  of  geologic  horizons. 


328  CCBLUBLmHTHEB. 

Now  there  are  but  few  species,  some  inhabitants  ot  the  greatest  depths  of 


Fio.  aoi.-DeTBlopment  of  brachlopod.  (After  Kowalevsky.)  .*,  gutmla  with  euM 

„. II.  .^.,.1,...  a  .1 -"■'-■itopore:  C.  coelam  gr -*   '--' "- 

loplriK,  the  latter  t 


Order  I.  Ecardinw. 

Hinge  ahaeiit.;  valves  similar  when  the  stalk  passes  out  between  ihem 
{hingiila*),  or  unequal  when  the  ventral  is  perfo- 
rated by  the  stalk  ( Discina)  or  when  (he  animal  is 
tliractly  attached  by  ilie  shell  (Crania). 
Older  II.  Teaticardinea. 
Hinge  present,  valves  unequal,  the  ventral 
perforated  by  Ihestalk;  anus  degenerate.  Rhyn- 
(Jiotiella,*  Terebratitlina  •  in  our  colder  waters. 
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Summary  of  Importmnt  Facts. 

(1>  The  OCELHELMINTHESare  characterised  by  a  well-developed  body 
cavity  (eoelom). 

(2)  The  CH.BTOGNATHI  are  hermaphroditic  worms  with  three  pairs  of 
ccelemic  pouclies,  with  fins,  and  bristle-like  Jaws. 

(8)  The  Nkmatoda  are  mostly  dioecious,  usually  paraaitic  eloD)^t» 
worms,  with  cylindrical  unsegmented  body,  with  nerve  ring  (no  ganglia\ 
paired  excretory  organs,  and  tubular  gonads. 

(4)  The  most  important  species  parasitic  In  man  are  Atcarii  lumbri- 
eoidea  in  the  small  intestine,  Oxyttria  txrmicularia  in  the  large  tniesliiie, 
the  blood-sucking  Ankylottoma  duodenalis,  and  the  notorious  Tn/Aina 
rpiralU.  In  hot  climates  occur  Filaria  sanguinis  futminis  and  Draam- 
etdus  medinensis. 

IS)  The  GoBDiACEA  have  mesenteries  and  splanchnic  mesoderm;  ihey 
are  parasitic  in  insects. 

(6)  The  AcANTHOCEPBALi  lack  alimentary  tract,  have  a  spiny  proboscis 
and  a  very  complicated  reproductive  apparatus.  The  adults  are  parasitic 
in  vertebrates,  the  young  in  artliropods. 
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(7)  The  Chatopod  Anncuds  have  segmented  bodies,  the  segmentation 
showing  itself  in  ringing  of  the  body  wall  and  in  the  separation  of  the 
coeloem  into  a  series  of  pouches  by  transverse  septa  and  the  metameric 
arrangements  of  blood-vessels,  ganglia,  and  excretory  organs. 

(8)  The  CHjETOPODA  are  distinguished  from  other  annelids  by  the 
chadtse  (usually  four  bunches  in  a  somite)  arising  in  special  follicles.  The 
cbaetffi  are  few  in  the  hermaphroditic  OligochsBtaB,  numerous  and  borne  on 
special  parapodia  in  the  PolychaetSB. 

(9)  The  Gephyr^a  are  closely  related  to  the  CheBtopoda.  They  are 
saccular,  with  a  crown  of  tentacles  or  well-developed  preoral  lobe.  They 
have  largely  or  entirely  lost  the  segmentation.  Evidence  of  segmentation 
appears  in  some  cases  in  development  and  in  the  ventral  nerve  cord  and 
nephridia. 

(10)  The  HiRUDiNEi  are  hermaphroditic  Annelida  which  lack  chaetse 
but  have  sucking  discs.  Their  flattened  bodies,  rudimentary  coelom,  and 
rich  body  parenchyma  give  them  a  certain  similarity  to  the  Plathelmin- 
thes. 

(11)  The  Hirudinei  have  either  a  protrusible  pharynx  (Rhynchobdella) 
or  three  toothed  jaws  (Gnathobdella).  To  the  latter  belongs  the  medici- 
nal leech  (Hirudo  medicinalis), 

(12)  The  PoLYZOA  are  like  the  Hydrozoa  in  being  colonial  and  having  a 
circumoral  crown  of  tentacles.  They  are  distinguished  by  the  complete 
alimentary  canal,  the  large  coelom,  and  the  ganglionic  nervous  system. 

(13)  The  Phobonidea  are  closely  like  the  Polyzoa. 

(14)  The  Bbaghiopoda  have  a  bivalve  shell,  the  valves  being  dorsal  and 
ventral. 

(15)  The  body  cavity  is  divided  by  two  septa  into  three  (paired)  cham- 
bers, of  which  one,  rarely  two,  are  provided  with  nephridia. 

(16)  Most  brachiopods  are  attached  by  means  of  a  stalk.  They  are 
divided  into  Ecardines,  without  a  hinge  and  with  anus,  and  Testicardines, 
with  a  hinge  and  no  anus. 


PHYLUM  V.  ECHINODERMA. 

The  Echinoderma  are  separated  from  most  other  animals  by 
their  radial  symmetry,  but  recall  in  this  respect  the  Coelenterata, 
a  fact  which  led  to  their  inclusion  by  Cuvier  in  the  group 
'  Radiata/  a  view  of  their  relationships  which  was  set  aside  by 
Leuckart  on  account  of  their  different  structure,  especially  the 
presence  of  a  coelom.  In  fact  the  radial  symmetry  of  the  echino- 
derms  has  a  different  value,  for  while  in  the  Coelenterata  th« 
number  four  or  six  (apparently  derived  from  four)  is  fundamental, 
Echinoderma  are,  with  few  exceptions,  five-radiate.  Further,  the 
radial  symmetry  of  the  Coelenterata  is  primitive,  that  of  the 
Echinoderma,  as  development  shows,  is  derived  from  the  bilateral 
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type.  In  other  words,  the  echtnodenna  have  descended  from 
biUteral,  poeeibly  vonn-like,  ancestors. 

The  stmcture  of  the  integument  gives  these  animals  a  charac' 

^  teristic  appearance.     In  the  mesoderm  nnder  the 

^n  epitheliam  calcareous  plates  arise,  forminga  body 

.flp  armor  or  test,  and   since  these  are  usually  pro- 

^^ I  daced   into  spines,  they   hare   given  the  name 

mi  ft  ^        Echinoderma,   spine  skin,  to  the  group.     This 

■  I  I  J        mesodermal  skeleton  at  times  becomes  degenerate, 

■  IMfl  as  in  the  Holothurians  (it  rarely  entirely  disappears 
I  ^Hf  as  iu  Pelagothuria),  but  even  then  shows  itself 
I  ^^  as  spicules  and  '  wheels '  of  lime.  The  splueridia 
I       ~  and  pedicellaria  (fig.  303) — not  always  prraent — 

''uri»'"ci™d^'and  ■"■*  characteristic  appendages  of  the  integument. 
'>("■'  The  first  are  sense  organs;  the  latter  are  usually 

stalked  forceps-like  grasping  structures  with  calcareous  skeleton. 
In  life  they  are  active  and  apparently  either  clean  the  skin  or  are 
defensive. 

Certain  plates  possess  a  raorphofopcRl  interest  since  the;  appear  early 
in  many  InrvK,  and  ia  tLe  adalts  ot  different  claaaes  can  be  recognized  in 
simiUr  positions.  In  the  neiKhborhood  of  the  arms  are  five  hasalia,  inter- 
radial  ill  position,  farther  five  radialia  ('  apical  skeleton ')  and  five  inter- 
radiul  'oralia'  around  the  mouth. 


Not  less  characteristic  thai 
water- vascular)  system  (fig.  3< 


the  skeleton  is  the  ambulacra!  (or 
4).  This  begins  usually  externally 
and  then  ordinarily  by  a  calcareous 
plate,  the  madreporite,  which  is 
perforated  with  fine  pores  and 
serves  for  the  entrance  of  sea  water. 
The  water  passes  into  a  canal 
which,  on  account  of  its  calcified 
walls  in  the  starfish  (fig.  305),  ia 
called  the  stone   canal  and   leads 


iular  Bratem  of  BlBrflah  (nrlg. 
madreporite;  ii,  radial  nerv" 
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e  canal  ot  ^Ariipa^n 
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orally  to  a  ring  canal  around  the  month.  The  ring  canal  bears 
usually  several  (up  to  five  pairs)  Polian  vesicles,  which,  with 
Tiedemann's  vesicles  of  the  starfishes,  are  now  regarded  as  appen- 
dages wliich,  like  lymph  glands,  produce  the  leucocytes.  From 
the  ring  canal  radiate  five  radial  canals  which  give  off  right  and 
left  in  pairs  the  ambulacral  canals.  These  in  turn  connect  with 
the  ambulacra  and  ampuUse,  the  highly  characteristic  locomotor 
organs  of  the  echinoderms.  An  ambulacrum  is  a  muscular  sac 
which  can  be  distended  and  lengthened  by  forcing  in  fluid  from 
the  ambulacral  vessels,  on  the  other  hand  can  be  retracted  and 
shortened  by  its  muscles.  The  ampulla  is  a  sac  connected  with 
the  ambulacrum  and  projecting  into  the  body  cavity.  In  locomo- 
tion the  animal  extends  its  ambulacra,  anchors  them  by  the  suck- 
ing disc  at  the  tips,  and  then  pulls  the  body  along  by  contraction  of 
the  ambulacral  muscle.  In  the  sessile  crinoids  and  the  ophiuroids 
(which  move  by  their  snake-like  arms)  the  ambulacra  are  not 
locomotor  but  tactile  in  function,  lacking  suckers  and  ampuUsa. 
So  among  the  holothurians  and  sea  urchins  the  ambulacra  are  in 
many  places  replaced  by  tentacles.  Frequently  each  radial  canal 
euds  in  an  unpaired  tentacle  with  olfactory  functions. 

The  arrangement  of  the  ambulacral  system  conditions  the 
arrangement  of  other  organs.  Alongside  the  stone  canal  is  a 
saccular  organ  formerly  called  the  Mieart/  but  now  regarded  as  a 
lymphoid  gland  (ovoid  gland,  paraxon  gland).  Ring  and  radial 
canals  are  accompanied  by  corresponding  blood  canals,  with  which 
arc  often  associated  two  vessels  to  the  alimentary  canal.  There  is 
a  similar  nerve  ring  and  radial  nerve,  frequently  in  the  ectoderm, 
to  which  may  be  added  an  enterocoelic  or  apical  nervous  system, 
possibly  of  peritoneal  origin. 

The  courses  of  the  radial  vessels  and  nerves  mark  out  five  chief 
lines  in  the  animal,  the  radii;  between  them  come  the  secondary 
radii  or  interradii.  The  stone  canal,  madreporite,  and  lymphoid 
gland  are  interradial  in  position,  as  are  the  gonads,  usually  five 
single  or  five  pairs  of  racemose  glands;  in  some  cases  but  one  is 
present.  The  gonads  are  supported  in  the  spacious  coelom  by 
special  bands,  while  mesenteries  support  the  alimentary  tract  and 
its  derivatives. 

Respiratory  organs  are  represented  by  very  various  structures:  branchifiB, 
or  thin-walled  outpushings  of  the  coelonif  either  around  the  mouth,  as  in 
Echinoidea,  or  on  the  aboral  surf.nce.  as  in  the  Asteroidea,  the  bursas  of  the 
Ophiuroidea,  the  branchi.*)!  trees  of  the  TTolothuroidea  and  the  various 
parts  of  the  ambulacral  system. 
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The  Echinoderma  are  exclusively  marine,  occurring  in  large 
numbers  even  in  the  deepest  seas.  Many  groups,  like  the  Criuoids, 
are  largely  bathybial,  others  frequent  rocky  coasts.  At  the  pbriod 
of  reproduction  the  urchins,  starfish,  and  holothuriana  frequent 
the  shallow  waters,  passing  their  sexual  cells  into  the  sea,  where 
fertilizatiou  occurs.  In  some,  however,  the  young  are  carried 
about  in  brood  cases  until  the  earlier  developmental  stages  are  past. 


FiQ.  306.-Ech!nodBrmlarv«.  (After  J.  MBUer.l  n,  anus;  m,  Dwrath:  the  lilack  line, 
the  course  of  the  ciliated  bnnda.  I,  form  common  to  »U :  II,  III.  developmentnl 
Btagea  of  narlcnl&rla  (Holothurlan) ;  IV.  f,  Btuea  of  the  Asteroid  blprDnarlBi 
VI,  plutena  of  a  spatuigold;    VIl,    larva  (BrachioUrIa)  of  AiteriaM  (oHg.).    m, 

Where  there  is  do  brood  ponch  the  young  escape  from  the  egg 
as  larvte  which  swim  at  the  surface,  and  are  distinguishable  from 
the  adults  (fig.  306,  / )  by  their  aoK  coDsistency,  transparency,  and 
bilateral  symmetry.  By  the  development  of  lobe-like  processes 
and  slender  arms  supported  by  calcareous  rods  the  larvee  assume 
the  most  different  and  bizarre  shapes  (plutei  of  echiuoids  and 
ophiuroids,  bruchiolaria  and  bipinnaria  of  asteroids,  auricnlaria  of 
holothurians),  all  of  which  can  bo  referred  back  to  a  common  type 
with  tri-regional  alimentary  tract  and  a  ciliated  band  around  the 
mouth,  strikingly  resembling  tornaria,  the  larva  of  Balanoglossiis. 
The  different  appearances  of  the  larvie  are  due  to  the  drawing  out 
of  tlie  ciliated  band  into  lobes  and  arms,  and  also  to  its  becoming 
broken  into  parts  which  unite  themselves  into  complete  rings 
(fig.  306,  V). 

The  metamorpbosis  of  tbe  bilateral  larva  into  the  radial  adult  is  very 
complicatei).  It  begins  early  with  the  formation  of  outgrowths  from  tha 
archenterou  (flg.  807),  which  become  separated  and  form  the  anlagen  of 
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the  eoelom  and  ambnlacnU  aj'stem.  Tbis  becomes  divided,  and  one  por- 
tion develops  iUelt  as  a  ring  around  the  cesophagus,  the  future  ring 
canal,  and  from  this  five  outgrowths,  ihe  radial  canals,  arise.  Since  these 
canals,  aa  they  grow  out,  carry  the  body  walls  before  them,  the  arms  in  the 
starflahes,  which  show  the  process  most  clearly,  arise  as  oiitgrowths  which 
recall  buds  (fig.  808).  This  has  given  rise  to  one  view  which  regards  the 
arms  as  individuals,  the  whole  body  (and  hence  that  of  all  echinoderms)  aa 
a  colony  of  five  individuals.  According  to  this  the  development  would  be 
a  kind  of  alternation  of  generations,  the  larva  being  the  asexual  genera- 
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tion  which  by  budding  produces  the  colony.  Yet  this  view  does  not  agree 
with  the  actual  reliitioiis,  since  it  draws  an  untenable  contrast  between  the 
larva  aod  the  perfect  ecliinrwienn.  The  most  important  organs  of  the 
former  are  carried  over  into  ilie  latter,  and  the  echinoderm  brings  the  nnla- 
gen  to  further  development.  In  the  insects  many  features  which  are  lack- 
ing or  incompletely  developed  in  the  larva  are  developed  in  the  course  of 
tbe  metamorphosis.  There  is  a  metamorphosis  in  the  eehinodenns  ns  in 
insects.  It  is  a  question  as  to  which  group  of  Echinoderm  a  is  (lie  most 
primitive,  but  ease  of  treatment  makes  it  best  to  begin  with  the  Asteroidea. 

Class  I.  Asteroidea  (Starfish). 

Two  parts  can  be  recognized  in  the  body  of  a  starfish,  a 
central  disc  and  the  arms,  usually  five  in  nnmber,  wtiich  radiate 
from  it  (fig.  316),  The  relations  in  which  these  parts  stand  to 
each  other  vary  between  two  extremes.  In  many  starfish  the 
arms  play  the  chief  r£Ie  and  the  disc  appears  aa  only  their  nnited 
proximal  ends  (figs.  309,  310).     On  the  other  hand  the  disc  may 
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increase  at  the  expense  of  the  arms,  absorbing  these  in  its  growth  so 
that  they  form  merely  the  angles  of  a  pentagonal  disc  (fig.  311). 
In  both  arms  and  disc  two  surfaces  are  recognized,  oral  and 
aboral,  which  pass  into  each  other,  usually  without  a  sharp  margin. 
In  the  normal  position  the  oral  side  is  downwards  and  has  in  the 


Fio.  aiO.  Fio.  311. 

FlO.  310.— OpAMi'iifei  tlirtnberai.  <Aft«T  Haeekel).  Comet  torm:  one  of  the  original 
armB  ahawD  only  In  psrt. 

FiQ.  311.— Culnlu  ptntnnutil-'rU,  aboral  Tlew.  (From  Ludirig.)  a,  nwdreporltei  b,  re- 
flexed  end  ol  ambulBcral  grooTeB. 

centre  the  mouth  and  radiating  from  it  to  the  tips  of  the  arms  the 
five  ambniacral  grooves.  On  the  aboral  surface  is  the  anns  (when 
not  degenerate)  near  the  centre,  and  ezcentric  from  it  in  an  inter- 
rsdiuB  is  the  madreporite  (in  many  armed  species  two  to  sixteen 
radii  may  hare  madreporites). 

A  linepassing  through  tbemadrcporite  and  the  opposite  arm  divides  the 
body  into  symmetrical  halves.  This  ray  ia  frequently  apoken  of  as  anterior, 
since  in  the  irregular  sea  urchins  (Spalnngoids)  the  homologous  arm  is 
clearly  anterior,  while  the  mndreporic  interradius  ia  posterior.  This  plane 
of  symmetry  does  not  correspond  nith  that  of  the  larva.  The  two  rays  on 
either  side  of  the  madreporite  form  the  birium,  the  three  others  the 

The  skin  is  everywhere  protected  by  large  and  small  plates 
jointed  together.  Tliese  make  a  dry  starfish  hard  and  stiff,  but 
in  life  it  is  extremely  flexible,  the  arms  can  be  bent  in  any  direc- 
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tion,  and  the  animal  caa  work  its  way  through  narrow  openings. 
Of  the  skeletal  pieces  the  ambulacra]  plates  need  special  mention. 


Flo.  GU.— ^  oroaB-aeotlon  of  ■burflsh  arm  (orlsj.   a,  adftrabnlaci  —  , — ., 

l«il«;  iqi,  dmbnlaoral  pl&tea:  ft,  branclute:  r,  (XBlom:  h,  bepatla  cffica;  i.  Inter. 
ftmbnucr&l  pUtes;  ii,  radl&I  Derrei  p.  ampallii;  r,  radUl  c&nkl ;  f,  rBdUl  blood- 
vemiel.    B,  lunbnlaonl  pl&tea.  Tentral  vfttr,  BbowlDg   tbe    nmbnluml    pores 

These  form  the  roofs  of  the  ambulacral  grooTes,  and  between  them 
are  openings,  the  ambulacra!  pores,  through  which  connexion  ia 
made  between  the  amhalacra  and  ampollfe.  In  each  arm  the  pairs 
of  ambulacral  plates  meet  above  tbe  groove  like  the  rafters  of  a 


roof.  Laterally  each  ambnlacral  plate  abuts  against  a  small  inter- 
ambalacral  plate,  bearing  nanally  movable  spines.  Beyond  these 
comes  the  adambulacral  plates,  and  then  those  of  the  aboral  sur- 
face. Each  ambulacrul  area  terminates  at  tbe  tip  of  the  arm  with 
an  unpaired  (ocular)  plate. 
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The  organs  lie  in  part  in  the  cmlom,  in  part  in  the  amhnlacral 
groovcB.  The  alimentary  tract  is  in  the  ccelom  and  extends 
straight  upward  from  the  mouth  to  the  aboral  surface,  where  it 
ends  with  an  anna  or  is  entirely  closed  (figs.   313,  314).     By  a 


,  _. ^h  j'flt'lrhig  canal:  B_. 

ooDstriction  it  is  divided  iuto  a  larger,  lower  cardiac  portion  and 
a  smaller,  upper  pyloric  division.  From  the  latter  arise  five  hepatic 
ducta  which  connect  with  five  pairs  of  hepatic  glands  lying  in  the 
arms.  The  cardiac  division  givea  origin  to  five  gastric  pouches 
which  can  be  protruded  from  the  mouth  or  retracted  by  appro- 
priate muecles.  The  gonads  are  five  pairs  of  racemose  glands  lying 
in  the  basis  of  the  arms  and  opening  interradially  between  the 
arms.  Lastly,  the  stone  canal,  extending  from  the  aboral  madre- 
porite  to  the  ring  canal,  and  the  lymphoid  gland  lie  in  the  ccelom. 
The  radial  nerve,  canal,  and  blood-vessel  lie  in  the  roof  of  the 
ambnlacral  groove  between  the  ambulacra.    The  nerve  ends  at  the 


— LoD^todlnal  section  of  ore  ol  Aileriat.    (Orlg.) 


tip  of  the  arm  in  a  compound  eye  spot  colored  with  red  or  orange 
pigment  which  experiment  shows  is  sensitive  to  light.  A  second 
nerve  has  been  described  lying  in  the  ccelom  of  the  arm.  The 
ambulacral  system  corresponds   with   the   foregoing  dosoription 
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(p.    330),   the  ampnllse  as  well  as  the  five  or  more  Polian  and 
Tiedemacn's  (racemose)  vesicles  projecting  into  the  ctelom. 

Since  the  arms  cootaiu  nearly  all  itnportant  organa,  the  physiological 
indepeadence  o(  these  is  easily  understood.  Anus  broVen  off  not  only 
live,  bat  r^enerate  first  the  disc  and  then 
new  arms  which  appear  at  first  like  small 
buds  (comet  form,  figs.  80D,  SIOj.  This 
separation  of  arms  may  occur  through 
accident,  or  it  may  be,  and  not  infre- 
quently is,  produced  by  the  animal  itself. 
Examples  of  species  with  well-dcTel- 
oped  arms  and  ambulacra  in  four  mws 
are  furoished  by  the  Asterids,  repre- 
sented on  our  shores  by  trie  fiTe-flnger 
Asteriaa*  and  LeplasUritu,*  and  Heli' 
aster "  with  numerous  arms.  In  the 
SoLASTEBiDX  the  ambulacra  are  two- 
rowed;  arms  sometimes  numerous.  Py- 
thonaster  (fig.  316).  In  the  A8TBR1NID.« 
the  arms  are  short  or  the  body  is  pentag- 
onal, no  lanxe  plates  on  the  margins  of 
(he  arms.  AaUriseua  (fig.  813).  Id  other 
forms  (CulcUa*  fig.  817,  Uippaateria* 
Ctenoditcua')   the  body  is  more  or  less  Fio     aiB  —  Pvthaimter     Murrovf. 

_      »  I  ,  -       L    ■  1  (After    Sladen.)      Aboral    view 

pentangular,  the  margin  being  covered        ahafrinK  ambuUicral  etoovcs. 
with  large  plates. 

Class  II.  Ophiuroidea  (Brittle  Stars). 

In  these  the  animal  consists,  aa  in  the  Asteroidea,  of  disc  and 
arms,  the  latter  sometimes  branched,  bnt  the  internal  anatomy  is   . 
different.     The  ambiilaeral  plates 
have  been  drawn   inside  the  arm 
and  each   pair   fused   to    a   large  ' 
,   'vertebra'  (fig,  317).     As  a  result  * 
the  coelom  of  the  arms  is  greatly  * 
reduced,  the  hepatic  cieca  are  lack- 
ing,  and  the  alimentary  canal,  which  ^ 
locks  an  anus,  is  confined  to  the 
disc.     By  the   ingrowth    of   ven- 
Fra.  317.  — Section  of  Ophlaroid  arm  tral  plates  the  ambulacral  grooves 

loHff.l.     et.  nmhnlnrnim^  h,  blood  Tea.  ,  i     ■     i        i     t  3     ii 

98  oi  &nn;  Ti,  are  converted  into  tubes,  and  the 
which  luck  sucking 
discs,  are  tactile  organs,  locomotion  being  effected  by  the  snake- 
like motion  of  the  arms.    The  madreporite  is  on  the  ventral  sur- 
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face.  Also  on  the  ventral  surface  are  five  slits  which  connect 
with  as  many  burs»,  thin-walled  respiratory  sacs  into  which  the 
sexnal  organs  open. 

In  many  brittle  stars  {OphUxsnida,  Ophiothdia,  Ophiocoma),  eapecialtj 
in  young  Bpecimens,  there  is  a  kind  oF  aaexaat  generation  (scliizogoiiy),  t)ie 
animal  dividing  through  the  disc,  the  halves  regenerating  the  missing  pans. 
The  clnsaificntion  is  based  largely  on  small  details.  In  the  majoriiy  the 
arms  are  un branched  {OphiopholU *  (&g.Sl8).  Ophfoglypha," Ainphiura  '), 
but  in  the  EtrRTALiDJ,  orbaBket  fish,  the  arms  are  branched  (A*(ropAy(oH,» 
fig.  819),  but  not,  as  usually  stated,  dichotomously. 


Fio.  B18.  Tia.  BU. 

Fia.SlS.— OpAiiipAnHK  ocutMiM.*    tFrom  Morse.) 
Fia.  SIS.— ^itmpltvlim  arburactru,  baskst  flsh.   (Fraia  Ladwig.) 

Class  m.  Crlnoidea  (Pelmatozoa). 

The  crinoids  or  sea  lilies  are  on  the  road  to  extinction.  In 
early  times,  especially  in  the  paleozoic,  they  were  very  abundant, 
but  to-day  there  are  but  few  genera  and  species,  these  mostly 
restricted  to  the  greater  depths  of  the  ocean,  only  the  Gomatalide 
occurring  near  the  shore.  The  crinoids  are  attached  to  the  sea 
bottom  by  a  long  staJk  which  contains  a  central  canal  (fig.  320). 
This  stalk  is  composed  o'  cylindrical  discs  and  often  bears  five  rows 
of  ontgrowths,  the  cirri.  In  the  Comatulidee  (fig,  321)  the  adult 
is  not  thus  attached,  swimming  about  in  the  water  with  the  arms 
or  moving  about  on  the  tang.  In  their  earlier  stages  these  animals 
have  a  stalk  (fig.  322),  passing  throngh  a  Pentacrinus  stage,  a 
proof  that  the  Hxed  condition  was  the  primitive  one.  lu  these 
forms,  when  the  separation  takes  place,  one  joint  of  the  stalk  with 
its  cirri  remains  attached  to  the  animal,  as  the  centrodorsal  united 
with  the  lowest  cup  plates,  the  infrabasals  (fig.  321). 

On  the  upper  joint  of  the  stalk  is  a  cup-shaped  body  (theca) 
the  edges  of  which  bear  five  or  ten  (usually  branched)  arms.     The 
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miu,    (After  Wrvlllo  Thompaoii.) 


F.o.  an.— AdDlt  of  Aniedon  mi>cn>uci«a.    (After  C»n»nt«r.) 
Pia.  aB.—I>lSeTeDt  iVHlacrfnu  ■(•(«•  (it  •■  -' -'   ■■'— ' — - 
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vallB  of  the  tlieca  are  covered  with  polygonal  calcareous  platea. 
Usoally  the  stalk  bears  five  plates,  the  b^is,  and  then  come  five 
radialia,  alternating  in  order  with  the  baaalia  (fig.  323).     In  some 


FiQ.  jei.—ByoeTima  belhlt,.     ....    ...  -._,„ „ 

the  uma:  b.  bssalia:  t>r.  brachlalla:  r,  rKdiallk.    B,  oral  surfao 
month,  five  orftlla,  and  the  b»a«a  of  the  drms. 

tliere  is  a  circle  of  infrabasalia  in  a  line  with  the  radialia.  Fre- 
quently the  elements  of  the  arm,  the  brachialia,  are  directly  attached 
to  the  radials  (fig,  323).  But  often  the  arm  branches  once  or 
several  times  dichotomously,  and  the  first  bmncliing  takes  place  nt 
the  base,  so  that  the  arms  seem  to  spring  from  the  theca.  In 
these  cases  the  first  brachialia  are  considered  as  part  of  the  theca 
and  are  called  radialia  distichalia  (figs.  320,  321).  From  the  arms 
arise,  right  and  left,  a  row  of  pinnuloe,  lancet-shaped  processes 
supported  by  calcareoua  bodies  in  which  the  sexual  products  ripen 
until  freed  by  dehiscence  (fig.  325). 

The  mouth  opening,  in  the  middle  of  the  oral  disc  which  closes 
the  theca,  is  frequejitly  surrounded  by  five  radial  plates,  the  oralia. 
The  mouth,  whicli  in  contrast  to  other  echinoderms  ia  directed 
upwards,  connects  with  a  spacious  digestive  tract  in- which  oesopha- 
gus, stomach,  and  intestine  can  be  distinguished.  The  anus  is 
interradial  and  near  the  mouth  (fig.  324).  Five  ambulacriil 
grooves  begin  at  the  mouth  and  extend  out  on  the  arms,  branching 
with  them  and  extending  to  the  tips  of  the  pinnulie.     These  are 
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ciliated  and  serve  as  condaits  to  briug  food  to  the  month.  Nervous, 
ambalaoral,  and  blood  systema  begin  vith  a  circamoral  ring.  They 
follow  the  ambnlacral  grooves  as  in  the  asteroids,  but  the  ambulacra 


nSil ;'(,  teotacles. 


(Bliac  caDdi;  ir,  gonad;  i 


here  have  no  euckers  nor  ampuUse  and  are  merely  tactile  tentacles. 
A  typical  stone  canal  is  also  lacking;  in  its  place  are  five  or  several 
hundred  tubules  leading  from  the  ring  canal  to  the  ctelom.  Oppo- 
site their  ccelomic  mouths  are  fine  pores  in  the  oral  disc  through 
which  water  enters  to  pass  through  the  tubules  into  the  ambulacral 
system.  The  ambulacra!  nervous  system  is  weakly  developed. 
The  enteroccele  system,  on  the  other  hand,  is  well  develojied  and 
forms  the  axial  cord  running  through  the  brachialia  and  radialia 
to  unite  in  a  ring  in  the  centrodoraal.  A  problematical  organ, 
the  as-called  dorsal  organ,  also  begins  in  the  centrodorsal  and 
extends  up  through  the  axis  of  the  theca  to  the  oral  disc.  It  is 
possibly  a  lymphoid  gland,  possibly  a  structure  for  the  transfer  of 
nntriment,  and  is  apparently  homologous  with  the  'heart'  of  the 
starfish. 
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Sub  Class  I.  Eucrinoidea. 


Tbe  forefcoing  account  applies  entirely  to  the  Eiicrimiidea,  wblch  tanj 
.be  divided  into  tiro  groups  : 

Order  I.  TESSELLA.TA  (PHlsocrinoitlea).  Theca  with  its  side  vails 
■composed  of  immovably  united  thin  plates  ;  ibe  anibuiacml  pjoores  usu- 
ally completely  covered  by  calcareous  plates.     Exclusively  paleozoic. 

Order  II.  ARTICULATA  (Neocrinoidea).  Ambulacral  grooves  open, 
theca  with  compact,  in  part  movably  articulated,  plates.  This  onler  left 
the  other  in  the  mesozoic  age.  and  some  families  have  persisted  until  now, 
Rhizoirrinus  •  (fig.  823)  and  Pentacriniis  {fig.  320),  deep  seas  ;  the  Coma- 
TCLID*  are  fixed  in  the  young.  Tree  in  the  adult.     Antedon  ♦  (flg.  321). 

Sub  C'la^s  II.  Edrioasleroidea  (Agelacrinoidea). 
Tiieca  of  irregular  platen ;  arms  unbmnched  and  l.ving  on  the  theca. 
Possibly  the  ancestors  of  the  noncrinoid  echinoderma.     Paleozoic.     Agtla- 
critius. 

Sub  Class  III.   CysHdea. 
Exclusively  paleozoic  ;  body  splierical,  composed  of  polygonal  plates. 
Stalk  and  arm  structures  rudimentary,  sometimes  lacking.     The  Ahpho- 
RIDA  are  by  some  regarde<l  as  ancestral  of  all  ecliinoderms.     BolocjptiUg, 
£ohinotjAariles  {fig.  836). 


a 
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Sub  Class  IV.  Dlastoidea. 
Arms  lacking ;  the   mouth  surrounded   by  five  petal-tike  ambulacral 
areas.     The  group  appears  at  end  of  Silurian  aud  dies  out  with  the  carbon- 
iferous.    PetUreniUM  (fig.  337). 
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Class  IV.  Ecbinoidea  (S«a  Urchlos). 

The  stmcture  of  the  sea  urchins  is  best  understood  in  the 
spherical  forms  (figs.  328,  330). 
Mouth  and  anus  lie  at  opposite 
poles  of  the  maiu  axis,  each  open- 
ing  immediatdj  surrounded  by 
areas  covered  by  calcareous  plates, 
the  arrangement  of  which  varies 
with  the  family.  Around  the  anus 
is  the  periproct,  around  thf  mouth 
the  periBtome,  the  latter  bearing 
sph;pridia  and  in  the  Echinoids  five 
pairs  of  interambulacral  gills.  Be- 
tween peristome  and  periproct  the 
body  wall  is  composed  of  calcareous 
plates,  which,  except  in  the  Echino-     , ,— 

.,        ■.  _        .  ,  ,  .,     ,         Init   reapectlvely  in  the  oralar  and 

thliriaie,     are      immovably     united.       jtonltalplBtea;  In  the  Gentre  the  four 

Aside  from  the  extinct  Paliechei.     pi*'*'""  *"«  periproct. 
noidea  the  plates  are  arranged  in  twenty  meridional  fowb,  or,  more 
accurately,  in  ten  double  rows,  two  rows  being  always  intimately 
associated  together.      Five  of  these  double  rows  are  ambulacral, 


remoTed  to  show  the  ambalacroil  { 


FIO.B2V.  Fio.sau. 

Pio.  VO.—dupauier  tali'ltpTatiu.    (After  AKnseli.)    Abordl  view,  sfaoning  the  peta- 

lotd  ends  of  the  Bmbaracral  nniBS. 
Fin.  830.— Diagrammatic  longitudinal  sectlDii  through  a  sea  nrcbln. 

the  alternating  five  interambulacral.  Both  bear  small  hemispheri- 
cal articular  surfaces  on  which  are  situated  the  spines,  either  long 
and  pointed  or  swollen  to  spherical  plates.  These  spines  are  es- 
tremely  mobile  and  are  moved  by  muscles  so  that  they  serve  both  as 
protecting  and  locomotor  structures.     The  ambulacral  plates  are 
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distinguished  from  the  iiiterambulacral  by  the  ambalacral  pores 
by  which  the  ambnlacra  on  the  surface  are  cODnected  with  the 
intern&l  ampullae.  lu  most  sea  urchins  the  paired  grouping  of 
the  poreB  results  from  the  fact  that  a  double  canal  extends  from 
amprilla  to  ambulacrum. 

lu  the  ftrrangement  of  the  ambulacra  two  modifications,  theband  Torm 
and  the  petaloid,  occur.  la  the  first  the  ambulacra  are  equally  developed 
from  peristome  to  periproot  (fig.  828),  In  the  second  ornl  and  abora) 
regions  may  be  dietinguislied  (&%.  329).  In  the  oral  region  alone  are  loco- 
motor feet  always  present,  but  these  are  so  irr^ulnrlj  arranged  that  no 
striking  figure  results.  In  the  aboral  area  tlie  ambulacra  are  tentacular 
in  character  and  are  regularly  arranged,  their  pores  bounding  five  petal- 
like figures  around  the  periproct,  very  distinct  after  removal  of  the  spines. 
In  tike  Echinoids,  the  Cidarids  excepted,  the  interambulacral  plat«s  arouud 
the  peristome  show  five  pairs  of  notches  for  the  gills,  five  pairs  of  thia- 
walled  branching  extensions  of  the  body  cavity. 

.Ambiilacral  and  interambulacral  fields  both  end  at  the  periproct 
with  an  unpaired  plate,  the  five  ambtilacral  plates  (radialia  of  mor- 
phi^ogy)  being  called  ocular  plates,  since  they  often  bear  pigment 
spots  formerly  regarded  as  eyes.  They  are  perforated  by  the  end 
of  the  radial  canal  and  nerve,  the  latter  here  uniting  with  the  epi- 
thelium of  the  skin.  The  five  interambulacral  plates  are  called 
genital  plates,  since  they  usually  contain  the  openings  of  the  genital 
ducts.     One  is  often  madreporite  as  well. 

The  interior  of  the  body  is  occupied  by  a  spacions  coslom,  ta 


^phoii;  ot,  (esophatnis;  p.  p',  rtng  canal  uid  PoUun  veBiclos;  if,  Btone  cSiiial. 

the  walla  of  which  the  thin-walled  alimentary  tract  ia  fastened  by 
a  mesentery.    In  the  Clypeastroids  this  tract  forms  a  simple  spiral. 
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but  elsewhere  it  ia  a  donble  spiral.     It  aecends  from  the  month, 
tuming  once,  and  then,  bending  on  itself,  coils 
in  the  reverse  direction  to  the  anus  (fig.  331). 
Usually  the  first  portion  of  the  canal  is  accom- 
panied by  a  siphon,  an  accessory  tube  opening 
into  the  main  tube  at  either  end.     Except  in 
the  Spatangoida  the  mouth  is  surrounded  by 
five  sharp-pointed  calcareous  plates,  the  teeth,  no.    wz.  —  Aristotle's 
which  in   the  Echinoids   are   supported  by  a    teni'^l«°Ht*jir''?fe 
complicated  system  of  levers,  fulcra,  and  mus-   d^to?*" a^ivmIJ: T 
den,  the  '  lantern  of  Aristotle'  (fig.  332).  ^"'■ 

The  ring  cansi  and  the  ring  of  the  blood  system  lie  on  the 
lanterci,  the  stone  canal  and  ovoid  gland  ('heart')  extending 
npwards  from  them  (fig.  330).  The  blood-vascnlar  ring  gives  oS 
tvo  blood-vessels  which  run  along  the  alimentary  canal,  while  from 
the  ring  canal  arise  five  ambulacral  or  radial  canals  which  run  on 


modreporlta ;  o,  moDtb. 


the  inner  side  of  the  test  accompanied  by  nerves  which  radiate 
from  a  nerve  ring.  The  gonads  are  five  (rarely  four  or  two) 
nnpsired  organs  in  the  aboral  half  of  the  test,  opening  through  the 
genital  plates,  that  ie,  interradially  as  in  the  starfish. 

Oiderl.  FaUeecUiioidea. 
Paleozoic  forms  with  Ave  Ambulacral  arons,  the  InteranibDliuiral  nreas 
eontaining  more  thnn  two  rows  of  plates.    Meloniia. 

Order  H.  ClduldM  (Keguluea). 
Ambulacral  areas  band-like,  body  more  or  less  spherical,  month  and 
anus  polar.     Here  belong  tbe  common  urchins,  represented  on  our  coasts 
by  Toxapneuates*  StrongyUxxntrotua*  Arbacia,*  Oalopleurtts*  <flg.  338). 


346  SCIIINODERMA. 

Order  m.  ClypeuboidM. 

Irregular  flattened  echiaoids  with  central  mouth  and  teeth  ;  anus  out- 
side the  periproct  in  tbe  posterior  inteiradiuB.  Bometimea  raar^nnal ;  five 
petaloid  Hmhulacral  areas.  Clypeaster  (tropical),  Eahinarachniu**  (sand 
dollar,  flg,  888),  Mellita*  with  holes  through  the  test. 

Ordei  IV.  Spatangoidea. 

Bilateral  fliittened  forms  mora  or  le:is 
lieart-staftped  ;  mouth  and  anus  ezcentric, 
no  teeth;  usually  fire  petaloid  ambulacral 
areas  and  four  genital  plates.  From  tbe 
forward  position  of  the  mouth  it  follows 
that  only  two  ambulacral  areas  (bivium, 
p.  884)  are  upon  the  lower  surface.  Warmer 
seas.  Spatangus,"  Echinocardium,  Bria»tt4. 

Class  V,  HolothuToidea. 

The  sea   cucumbers   tro   most  re- 

•^iSt-S^t  Jte°r%t.^u'CXS  ^°^^  °^  "^y  S'""!'  ^^i"  *^*'  typical 
rS"";^HiJ"*'  '^'l"'t  Ji"  v^?'-  echinoderm  anpoarance.       At  the  first 

the  Bllt-llko  month ;  behind,  the      ,  ^*^  .      ,         ■•      . 

^QB.  The  bivium  without  to-  glance  the  skin  appears  naked  and  the 

characteristic  plates  absent.    Yet  these 

are  imbedded  in  the  skin  in  the  shape  of  plates,  wheels,  and  anchors 

(fig.  335).     The  integment  is  tough,  leathery,  and  muscular,  with 


longitudinal  and  circular  fibi;ea.  Tlie  saccular  body  gives  these 
forma  a  worm-like  appearance,  strengthened  by  its  elongation  ia 
the  main  axis,  and  with  the  mouth  and  anus  at  the  poles.  Unlike 
other  echinoderms  these  move  with  the  main  axis  parallel  to  the 
ground,  a  condition  which,  to  a  greater  or  less  extent,  leads  to  a 
replacement  of  radial  by  bilateral  symmetry.  One  surface  (trivinm) 
becomes  ventral,  the  bivium  dorsal,  and  in  many  the  trivial  ambu- 
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a  amiala,    (Aft«r  KlDEsle7->    — 

tree:  d,  dcirul  blood-TDMel: /,  meoenterlftl 

(T,  ■enitkl  DpealiiK;  i.  alimentary  cftn&l;  I,  loni^ltadlnKl  musclM:  m. 
genital  dnct;  p,  pbarrnieal  ring :  r,  sonadi,  out  mw.j  dq  rigbt  Bide; 
of  tentacles  \  v,  Teatral  bload-veueL 
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lacra  alone  are  loeomotory  those  of  the  bivium  being  tactile  or 
wholly  absent.  / 

In  the  body  cavity  (fig.  336)  lies  the  alimentary  canal,  which 
(except  in  Synapta)  is  coiled  in  a  nniform  manner,  although  many 
minor  convolutions  may  obscure  this.  It  passes  backwards  in  the 
median  dorsal  interradius^forward  in  the  left  ventral  interradius,  and 
then  back  in  the  right  dorsal  internidius  to  the  anus.     It  is  held  in 

position  by  mesenteries  (fig.  337),  and 
near  the  anus  by  numerous  muscular 
filaments.  Into  the  terminal  portion 
one  or  two  branchial  trees  may  emptr. 
These  are  tabular  sacs  with  small 
branched  outgrowths  which  are  filled 
with  water.  The  similarity  of  these  to 
the  excretory  organs  of  some  Gephy- 
raea  (p.  317)  was  one  ground  for  re- 
FiQ.  8S7.— Transverse  section  of  crardinff  those  forms  as  intermediate 

Holothuria  tubulnsa.    (After  Lnd-  f  ^         ®  ,  i. .       -i 

wig.)  d,  digestive  tract ;  cU),  dor- between    worms    and      echmoderms. 

sal  blood-vessel;  g.  gonad  duct;  rriv  j.     i_  j    j  •     x 

h,  skin;  itn,ionritudinai muscles;  They  are  to  be  regarded  as  respiratory, 

Itc,  left  branchial  tree;  m,  mesen-    .  iv  •    j*     11      ^11    ^      •i.-l. 

terie8;r',r»,ambuiacrai  complex  Since  they  are  periodically  filled  With 
andnerv™;f«H??  wme^ftrlvium;  fresh  Water.     In  many  species  '  Cuvie- 

rw.  right  branchial  tree.  ^^^^  ^^^^^^ ,  ^^^^^^ .  ^y^^^^  ^^^  morpho- 

logically  specially  modified  portions  of  the  branchial  tree  and  are 
either  connected  with  tbem  or  separately  with  the  cloaca.  Many 
zoologists  regard  them  as  defensive  structures  because  of  their 
sticky  nature  and  because  they  can  be  cast  out  through  the  anus. 
The  oesophagus  is  usually  surrounded  by  a  ring  of  five  radial 
and  five  interradial  plates  which  serve  as  points  of  attachment  for 
the  longitudinal  muscles.  Just  behind  it  lie  the  ring  canal,  ring 
nerve,  and  the  ring  of  the  blood  system,  each  giving  off  a  radial 
branch  which  here  runs  inside  the  muscular  sac  of  the  body.  From 
the  beginning  of  the  radial  canals  (rarely,  as  in  Synapta,  from  the 
ring  canal)  tubes  extend  outward  to  form  the  extremely  sensitive 
retractile  tentacles  which  surround  the  mouth,  and  which  either 
branch  (Dendrochirotse)  or  bear  frilled  shield-shaped  extremities 
(Aspidochirotae).  A  single  Polian  vesicle  is  usually  present,  and 
the  stone  canal  (except  in  the  Elasipoda)  connects  with  the 
coelom.  Blood-vessels  going  from  the  vascular  ring  form  rich 
anastomoses  on  the  alimentary  canal.  Only  a  single  gonad  (or  a 
pair  of  united  gonads)  occurs.  This  consists  of  numerous  tubules 
which  open  usually  interradially  near  the  mouth. 
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The  regenerative  powers  of  these  animals  are  of  interest.  In  anfnrar- 
able  conditions  (hence  in  preserving  the  animals  in  alcohol  without  nar- 
cotization with  chloral)  they  void  the  whole  viscera  and  fet  may  live  and 
reproduce  the  lost  parts.  In  certain  species  are  found  a  few  parasites. 
One  or  two  harbor  a  small  fish  (Fierasfer)  \'a  their  cloaca  and  branchial 
trees.  A  parasitic  snail,  Entoconcha  mirabilig,  lives  in  one  species  of 
Syapta,  and  a  mussel,  Entovalva  miraMlU,  in  another. 
Order  I.  Actinopoda. 

Radial  canals  present,  sending  brniiches  to  the  tentacles  and  am- 
bulacra when  present.  Divided  into  Pedala,  with  ambulacra,  and  Apoda, 
without.    The  PEDATA  include  the  Holothuridie  with  peltate  tentacles. 


Tia.  338.— CUcnnxiria  /roiidaHi,  s«A  cucumber.    (From  Emerton.) 

Hohlhuria*  in  warmer  waters,  one  species  furnishing  the  trepang  of 
Chinese  markets.  The  Cl'cdhariida  reprBsenled  in  our  waters  by  Cucm- 
maria*  iPentacta)  with  regular  rows  ot  ambulacra,  Thyane'  with  them 
scattered,  and  Psolus."  scaly  with  a  creeping  disc.  The  deep-sea  Ela- 
aiPODA  belong  to  the  Peilaln.  The  APODA  are  represented  by  Caudina  • 
(Gg.  336)  and  Mtdpadia* 

Oidei  n.  Faiactlaopoda- 
No  radial  canals  nor  ambulacra.     Tentacular  canals  arising  from  ring 
canal.    Mgrialrochua,*  Sj/napla,*  Oligotrochus*  (ftg.  839). 
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Summary  of  Import&nt  Facts. 

1.  The  ECHINODERMA  share  the  radiate  structure  with  the 
Ooelenterata,  but  differ  from  them  (a)  in  the  numerical  basis  of 
the  symmetry  (five);  {b)  in  that,  as  embryology  shows,  they  have 
descended  from  bilateral  forms. 

2.  Farther  characters  are  the  existence  of  a  coelom,  the 
ambulacral  system,  and  the  mesodermal  spiny  skeleton,  which  has 
given  the  name  to  the  phylum. 

3.  The  ambulacral  system  is  locomotor  and  occurs  nowhere  else. 
It  consists  of  a  sieve-like  plate,  the  madreporite  (not  always  pres- 
ent), which  passes  water  to  the  stone  canal,  and  from  this  to  the 


Fio  339.— (Xi0vt/*ocAti«  v(7reiM.*  (After  Danieldsen  and  Koren.) 

ring  canal  and  the  radial  canals  to  fill  the  ampullae  and  ambulacra. 
Lateral  branches  supply  the  tentacles  and  cause  their  extension. 

4.  Blood-vessels  and  nerve  cords  run  in  the  same  radii  as  the 
radial  canals  of  the  ambulacral  system ;  stone  canal,  madreporite, 
ovoid  gland,  and  genital  ducts  are  interradial. 

5.  The  Echinoderma  are  divided  into  five  classes:  (1)  Aster- 
oidea,  (2)  Ophiuroidea,  (3)  Crinoidea,  (4)  Echinoidea,  and  (5) 
Holothuroidea. 

6.  The  AsTEROiDEA  have  a  disc  and  (usually)  five  arms  into 
which  the  gastric  pouches  and  hepatic  c»ca  extend.  The  ambu- 
lacral groove  open. 

7.  The  Ophiuroidea  also  have  disc  and  arms,  but  the  ambu- 
lacral groove  is  closed  and  the  hepatic  c»ca  absent. 

8.  The  Crixoidea  have  a  cup-shaped  body  bearing  arms, 
usually  branching,  with  pinnulae,  and  a  stalk,  usually  with  cirri. 
They  are  either  temporarily  or  permanently  attached.  The 
Crinoidea  are  subdivided  into  Eucrinoidea,  Edrioasteroidea, 
Cystidea,  and  Blastoidea. 

9.  The  Echinoidea  are  usually  spherical  or  oval,  armored  with 
calcareous  plates  which  extend  as  meridional  bands  from  peristome 
to  periproct,  five  pairs  of  ambulacral  and  five  of  interambulacral. 

10.  The  ambulacral  plates  end  at  the  periproct  with  a  single 
ocular  plate;  the  interambulacral  with  a  similar  genital  plate. 
The  madreporite  is  fused  with  one  of  the  genital  plates. 
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11.  The  regular  sea  urchins  have  the  anus  in  the  centre  of  the 
periproct,  the  mouth  in  the  peristome;  the  ambulacral  areas  are 
band-like. 

12.  The  Clypeastroidea  have  a  central  mouthy  the  anus  outside 
the  periproct  in  the  posterior  interradius;  the  ambulacral  areas 
petaloid. 

13.  The  Spata?iffoidea  are  markedly  bilateral^  the  mouth  an- 
terior^ the  anus  posterior;  ambulacral  areas  petaloid. 

14.  The  HoLOTHUROiDEA  are  elongate  and  worm-like;  the 
skeletal  system  greatly  reduced;  they  are  more  or  less  bilaterally 
symmetrical  and  have  usually  a  single  gonad  and  two  branchial 
trees.  They  are  divided  into  Actinopoda,  with  radial  canals,  and 
Paractinopoda,  without. 

PHYLUM  VL     MOLLUSCA. 

At  the  first  glance  the  molluscs,  like  the  flatworms  and  leeches, 
give  the  impression  of  parenchymatous  animals.  A  spacious  ccBlom 
is  absent;  what  was  formerly  regarded  as  a  body  cavity  is  a  system 
of  sinuses  surrounding  the  viscera  and  connected  with  the  blood 
system,  and  is  especially  developed  in  the  Acephala.  More  recently 
the  view  has  gained  ground  that  the  molluscs  have  descended 
from  coelomate  animals,  and  from  forms  in  which,  by  encroach- 
ments of  a  connective  tissue  and  muscular  parenchyma,  the  coelom 
has  been  reduced  to  the  inconspicuous  remnants  of  the  pericardium 
and  the  lumen  of  the  gonads. 

Where  the  moUuscan  organization  is  well  developed,  as  in  the 
snails,  four  parts  maybe  recognized  in  the  body  (fig.  340).  The 
visceral  sac  forms  the  chief  mass  of  the  body;  it  is  less  rich  in 
muscles  than  the  rest  because  it  is  reduced  to  a  thin  peripheral 
layer  by  the  alimentary  canal,  liver,  nephridia,  and  gonads.  In 
front  it  is  continuous  with  the  head,  which,  according  to  the  group, 
is  more  or  less  marked  off  by  a  neck,  and  bears,  besides  the  mouth, 
the  tentacles  and  eyes,  the  most  important  sense  organs.  Below, 
the  visceral  sac  passes  into  a  muscular  mass,  usually  used  for  loco- 
motion, the  foot.  From  the  back  extends  the  pallium  or  mantle^ 
a  dermal  fold  which  envelops  a  goodly  part  of  the  body.  The 
Acephala  (fig.  340,  C)  have  a  double  mantle,  right  and  left,  both 
halves  springing  from  the  dorsal  line  and  extending  down  over  the 
visceral  sac  and  foot.  The  cephalopods  (fig.  340,  A)  and  the  snails 
(fig.  340,  B)^  on  the  other  hand,  have  an  unpaired  mantle  which 
arises  from  about  the  central  part  of  the  back  and  either  extends 
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down  on  all  sides  or,  like  &  cowl,  corers  either  the  anterior  or 
poeterioT  parts  of  the  body.  The  mantle  is  of  importance  in  tvo 
ways :  its  onter  surface  is  covered  with  epithelium  which,  like  that 
of  the  adjacent  surface,  has  the  power  of  secreting  shell,  a  thick 
cuticnlar  layer  of  organic  matter  (conchiolin)  largely  impregnated 
with  calcic  carbonate.     The  inner  surface  of  the  mantle,  together 


Pio.  340.— Dlwramsof  three  rnoUuscan  claases.  A.^  oephalopod  (.tifpiii):  F.  ana- 
terupod  {Hrlixy.  C,  nn  aceplial  iAMudonla).  a,  ncug:  c.  cerebr&l  zBagllon:  /u.  foot: 
III,  mantle  chamber:  '"A,  ehell:  t.  alpbun;  v,  visceral  ifaDBlloii.  Vlacentl  sac 
dott«d:  mantle  lined,  staeil  black. 

with  the  outer  surface  of  the  body,  bounds  a  space,  the  mantle  cavity, 
which,  from  its  most  important  function,  ia  also  called  the  brau- 
chial  chainher.  Since  most  mollusca  are  aquatic,  special  vascular 
proccEses  of  the  body,  the  gills  or  branchife,  lie  in  tliis  space;  in 
the  terrestrial  forms  its  walla  serve  as  lungs  and  thus  arc  respiratorj'. 
From  the  foregoing  it  will  be  Been  that  the  character  of  the 
mantle  must  exert  an  influence  on  the  shape  of  the  shell  and  ou 
the  respiratory  organs.  Paired  mantle  folds  necessitate  two  valves, 
right  and  left,  to  the  shell;  a  right  and  left  branchial  chamber, 
and  right  and  left  gills.     With  an  unpaired  mantle  the  shell  ia 
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always  unpaired,  while  the  gills  may  retain  their  primitive  paired 
condition. 

The  gills  in  the  mantle  cavity  are  called  ctetiidia,  from  their  resem- 
blance to  combs  with  two  rows  of  teeth.  Each  consists  of  an  axial  portion 
(back  of  the  comb),  containing  the  chief  blood-vessels  and  two  rows  of 
branchial  leaves.  The  whole  is  united  to  the  wall  of  the  branchial  cavity 
by  the  axis  (fig.  885).  In  many  aquatic  forms  the  ctenidia  are  lacking, 
and  then  the  respiration  is  either  diffuse  by  the  skin  or  by  accessory  gills 
which  by  structure  (usually  outside  the  mantle  cavity)  are  distinguished 
from  the  ctenidia. 

Those  parts  of  the  surface  of  the  mollusc  which  are  not  covered 
by  the  shell  have  a  columnar  epithelium  which  is  frequently  ciliated 
and  which  contains  unicellular  mucus  glands,  especially  abundant 
on  the  edge  of  the  mantle.  These  give  these  animals  the  soft  slip- 
pery skin  which  is  implied  in  the  name  MoUusca  (mollis,  soft). 
Many-celled  glands,  like  the  byssus  gland  of  the  Acephala,  the 
pedal  gland  of  many  snails,  occur. 

Although  the  existence  of  head,  foot,  and  mantle  is  very  char- 
acteristic of  the  molluscs,  they  are  not  always  present.  In  the 
Acephala  there  is  no  distinct  head  region;  many  gasteropods  lack 
the  mantle  and  hence  the  shell;  in  the  Cephalopoda  the  foot  is 
converted  into  other  appendages,  the  siphon  and  arms.  These 
modifications  are  to  be  explained  by  degeneration  and  evolution. 
In  the  nervous  system  are  also  some  highly  characteristic  features. 
As  a  rule  it  consists  of  three  pairs  of  ganglia  associated  with 
important  sense  organs  and  connected  by  nerve  cords.  One  paif 
lies  dorsal  to  the  oesophagus  and  corresponds  to  the  supraoasophageal 
ganglion  of  the  worms;   it  is  the  brain  (cerebrum)  and  supplies 
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Via.  841.— Nervous  systems  of  MoUuscs.  A,  most  sasteropods :  B,  acephals:  C,  cepha- 
lopods  and  pulmonates.  c,  cerebral ;  pa^  parietal,  pe,  pedal,  p<,  pleural,  and  v, 
visceral  ganglia. 

the  tentacles  and  eyes.  A  second  pair  lies  ventral  to  the  alimentary 
tract  on  the  front  part  of  the  muscle  mass  of  the  foot ;  these  are 
the  pedal  ganglia  which  are  connected  with  the  otocysts.  The 
third  pair,  the  visceral  ganglia,  are  also  ventral,  and  near  them 
are  the  third  sense  organs,  which  are  widely  distributeed  through 
the  MoUusca,  and  which  from  position  and  structure  are  regarded 
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as  organs  of  smell  {osphradia).  They  are  thickened  patches  of 
ciliated  epithelia  extending  into  the  mantle  cavity.  Pedal  and 
visceral  ganglia  are  united  to  the  cerebrum  by  nerve  cords,  the 
cerebropedal  and  cerebrovisceral  connectives  respectively.  Accord- 
ingly as. these  connectives  are  long  or  short  the  ganglia  are  wide 
apart  or  united  into  a  nerve  mass  around  the  cesophagus. 

Primitive  .Mollusca  (Amphineura)  have  a  simpler  condition.  The 
cerebral  ganglia  lie  dorsal  to  the  oesophagus  and  are  united  by  a  cord 
around  the  oesophagus  (fig.  344).  From  it  are  given  off  two  pairs  of  lat- 
eral nerve  tracts,  the  ventral  or  pedal  cords,  and  lateral  or  pleural  cords, 
the  latter  united  by  a  loop  dorsal  to  the  anus.  By  a  concentration  of 
ganglion  cells  the  pedal  cords  give  rise  to  the  pedal  ganglia,  and  similarly 
the  pleural  cords  form  three  pairs  of  ganglia,  tlie  pleural  and  the  parietal, 
as  well  as  the  visceral  already  mentioned,  of  the  cerebrovisceral  cord  (fig. 
841,  A).  The  pleural  ganglia  are  connected  with  the  pedal  by  nerve  cords; 
the  parietal  innervates  theosphradium.  When  farther  concentration  takes 
place  the  pleural  may  unite  with  the  cerebral,  and  the  parietal  with  the 
visceral  (fig.  841,  B)^  or  both  may  fuse  with  the  visceral  ((7).  In  tlie  latter 
case  the  visceral  ganglion  (in  the  wider  sanse)  is  associated  with  the  pedal 
by  the  pleuropedal  connective  ;  while  in  the  other  the  connective  is  appa- 
rently absent  because  fused  witli  the  cerebropedal.  Although  tlie  otocyst 
receives  its  nerve  from  the  pedal  ganglion,  the  centre  of  innervation  lies  in 
the  cerebrum. 

The  heart,  which  lies  dorsally,  consists  of  auricles  and  ven- 
tricles. The  ventricle  is  always  unpaired,  but  there  are  two  auricles 
where  two  gills  exist  from  which  the  blood  flows  to  the  heart,  but 
with  the  loss  of  one  gill  one  auricle  may  disappear.  Distinct  arteries 
and  veins  occur;  capillaries  are  found  only  in  the  Cephalopoda, 
while  in  the  lower  molluscs,  and  especially  in  the  Acephala,  the 
smaller  arterien  open  into  lacunar  spaces  which  were  formerly 
regarded- as  the  body  cavity.  A  completely  closed  vascular  system 
does  not  exist  even  in  the  Cephalopoda. 

The  heart  is  enclosed  in  a  spacious  sac  or  pericardium,  which, 
with  few  exc»eptions,  is  connected  with  the  nephridia  by  a  ciliated 
canal,  and  in  many  molluscs  (Cephalopoda  and  some  Acephala)  is 
also  related  to  the  gonads.  These  facts  support  the  view,  already 
mentioned,  that  the  pericardium  and  the  lumen  of  the  gonads  are 
the  remnants  of  the  ccelom;  for  here,  as  in  the  annelids,  the 
nephridia  open  by  ciliated  nephrostomes  into  the  ccelom,  and  the 
sexual  cells  arise  either  from  the  coelomic  walls  or  from  sacs  cut 
off  from  them.  Even  more  important  for  this  view  would  be 
confirmation  of  the  disputed  statement  that  in  Paludina  vivipara 
the  coelom  (enterocoele)  arises  as  diverticula  from  the  archenteron. 
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Nephridia  and  eexual  orgaos  arc  primitively  paired,  but  fre- 
quently are  single  by  the  degeneration  of  the  strncturea  of  one  side. 
The  animals  are  either  hermaphroditic  or  dicecions,  but  the  gonads 
are  always  very  large.  Even  more  room  in  the  visceral  sac  is 
demanded  by  the  digestive  tract  in  wliich  ccsophagns,  stomach,  a 
coiled  intestine,  a  voluminous  liver,  and  frequently  salivary  glands 
may  bo  recognized.  The  radula  or  lingual  ribbon  is  also  a  char- 
acteristic organ,  and  its  absence  from  the  Acephala  is  probably  to 
be  explained  by  degeneration.  It  is  a  plate  or  band  armed  with 
teeth  which  lies  on  the  floor  of  the  pharynx  ou  a  ventral  ridge, 
the  tongue,  and  is  used  for  the  communication  of  food  (figs.  366, 
367). 

Reproduction  ij exclusively  sexual;  budding,  fission,  or  parthen- 
ogenesis liave  not  yet  been  observed.  The  eggs,  united  in  large 
numbers,  aie  usually  enveloped  In  jelly  and  are  either  rich  in 
deutoplasm  or  are  enveloped  in  a  nourishing  albumen,  A  few 
molluscs   {e.g.,  Paludhin  vivipura)  are  viviparous.     A  metamor- 
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phosis  is  of  wide  occurrence.  In  such  cases  a  'veliger'  larva 
escapes  from  the  egg  (fig.  343);  in  this  can  be  recognized  head, 
foot,  and  mantle,  even  in  those  cases  where  one  or  the  other  of 
these  is  lacking  in  the  adult.     This  shows  that  the  absence  of 
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mantle,  shell,  or  head,  which  occur  in  large  groups  of  mollnsos, 
is  not  a  primitive  condition,  but  can  only  be  explained  by  defen- 
eration. The  name  veliger  arises  from  the  velum,  a  strong  circle 
of  cilia,  which  surrounds  a  frontal  or  velar  field  in  front  of  the 
mouth,  and  which  serves  as  a  locomotor  organ  for  the  larva.  In 
some  cases  (fig.  343.  B)  it  is  lobed  like  the  trochus  of  a  Rotifer. 


Fio.  813.— Veliger  stageR,  ^,  of  a  snail;  B,  of  a   Pteropod      (From  Gegenb*ar.> 
o,  shell;  op,  operculum;  p,  foot ;  t,  tentacle;  t%  velum. 

The  veliger  recalls  the  annelid  trochophore  and  serves  for  the 
distribution  of  the  species;  it  is  therefore  of  great  importance  for 
animals  which,  like  most  molluscs,  are  sedentary  or  slow-moving-. 
In  cases  without  metamorphosis  (Cephalopoda,  Pulmonata,  etc.) 
the  veliger  stage  is  frequently  indicated  during  embryonic  devel- 
opment by  a  ridge  of  cells  surrounding  a  preoral  velar  field. 

Class  I.  Amphineura. 

These  forms,  some  of  which  appear  in  the  Silurian,  are  clearly 
the  most  primitive  of  molluscs,  and  are  distinguished  by  a  marked 
bilateral  symmetry.  The  nervous  sygtem  already  described  (p. 
354)  consists  of  pleural  and  pedal  cords  with  scattered  ganglion 
cells  and  no  ganglia,  these  cords  being  connected  by  numerous 
commissures  (fig.  344,  B), 

Sub  Class  I.  Placophora  {CIntonidce). 

The  chitons  were  formerly  included  among  the  gasteropoda 
because  of  the  presence  of  a  creeping  foot  and  a  radula.  They 
are  at  a  glance  distinguished  from  them  by  the  rudimentary  con- 
dition of  the  head  and  the  shell.  This  last  is  unique  among  mol- 
luscs; it  consists  of  eight  transverse  plates  overlapping  like  shingles, 
which  allows  the  animal  to  roll  itself  into  a  ball.     The  edge  of  the 
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mantle  extends  beyond  the  shell  and  is  covered  with  spiues.  while 
in  the  mantle  cuvity  beneath  are,  right  and  left,  a  series  of  ctenidiu. 
Kerves  enter  the  shell  and  end  with  noticeable  sense  organs  (ss- 


lo.SM.— did™  tqunruBjiut,  AaneJl  view. 
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tlietes  and,  in  some,  eyes,  fig.  345).     The  symmetry  of  the  bi)dy  is 
also  expressed  in  the  viscero.     The  anna  is  medial,  and  right  and 


5^o.  34.5.— Eye  and  restlictea  of  Aciialh-pteuratpinigcr.    {After  MoBolej-.)    a.  macrBm- 
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left  of  it  are  the  openings  of  the  nophridin  and  sexual  organs.  The 
sexes  are  separate,  the  gonads  unpaired,  while  corresponding  to  the 
paired  arrangement  of  the  gills  there  are  two  auricles  to  the  heart. 
The  Cliitoiis  are  reproaented  on  our  northeastern  coast  by  several 
small  species  {Traehydemion,*  JwiicwZa*);  farther  south  and  on  the 
Pacific  shores  are  larger  species  {pryptochUon  '). 


Sub  Class  II.  Solenoffoxlres  {Aplacophora). 

Worm-like  forms  witho at  shell;  the 

foot  rudimentary  and  at  the  bottom  of 

a  ventral   groove.     The  radnla  is  also 

reduced;  in  Chaioderma  it  bears  but  a 

single  tooth.     The  gills  are  either  small 

or  wanting.    The  usually  hermaphrodite 

animals  hare  the  gonads  emptying  into 

,   an  nnpaired  chamber  (pericardium?)  and 

Tia.  BM.  —  TTcnnunin  atriiiaia.  thence   to  the   exterloF   by  the  paired 
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tBTior;  c,  central  groove.         land;  Neomeuia,  Dotidersia. 

Class  n.  Acephala  (LamelUbrancblata,  Pelecypoda). 

These  have,  among  the  molluscs,  the  least  powers  of  locomo- 
iiion.  Some  are  fixed,  the  majority  burrow  slowly  through  sand 
■or  mud;  only  a  few  spring  by  means  of  the  foot  or  swim  by  open- 
ing or  closing  the  shells,  llenco  it  is  that  they  need  more  pro- 
lection  than  other  species,  and  this  is  afforded  by  the  strong  shells 
in  which  the  body  can  usually  be  completely  enclosed.  This  sliell 
Tecalls  that  of  the  brachiopod  in  that  it  consists  of  two  halves  or 
Talves,  but  these  valves  are  right  and  left  rather  than  dorsal  and 
Tentral,  and  hence  are  usually  symmetrical  in  shape.  Only  when 
the  animal  rests  permanently  on  the  right  or  left  side  is  this  sym- 
metry lost,  and  then  the  aymmutry  of  the  soft  parts  is  affected. 

The  two  lobes  of  the  mantle  which  secrete  the  shell  on  Ibeir 
outer  surface  arise  from  the  back  of  the  animal  and  grow  down- 
wards, forwards,  and  backwards,  so  that  they  envelop  the  whole 
i(fig.  352).  Hence  the  oldest  and  the  most  thickened  part  of  the 
*hell,  the  umbo,  occurs  near  the  back  (fig.  347).  Around  this 
the  lines  of  growth  are  arranged  concentrically,  lines  which  show 
how,  by  gra<lual  growth  of  the  mantle,  the  shell  has  increased  in 
Bize.  On  the  back  the  valves  approach  each  other,  and  in  the 
majority  are  movably  connected  by  a  hinge,  which  consists  of 
projections  ('teeth')  in  one  viilve  fitting  into  depressions  in  the 
other.  In  the  Bracbiopoda  the  valves  are  opened  by  appropriate 
muscles;  inthe  Acephala  by  an  elastic  hinge  ligament  usually  placed 
dorsal  to  and  behind  the  hinge.  The  shell  is  closed  by  adductor 
muscles  which  extend  through  the  body  from  shell  to  shell,  leav- 
ing their  impressions  or  scars  on   the   inner  surface   (fig.    347). 
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TJ anally  there  occur  an  anterior  and  a  posterior  addactor  equally 
well  developed  (Dimyaria);  less  frequently  the  anterior  is  rudi- 
mentary  (Keteromyaria)   or  entirely   diaappearg   (Monomyaria). 
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ine  outer  surface  showing  lines  of  i;rowth  ;  no  palllal  bIdub. 
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When  the  muscles  are  relaxed  (as  always  occurs  at  death)  the  elastic 
ligament  opens  the  Talres. 

TJie  heterodont  hinge  is  the  typical  form  (fig.  848);  each  valve  bears  a 
group  of  teeth  near  the  umbo,  Ihose  of  the  Ittft  alternatiog  with  those  of 
tbe  right.  Besides  the^e  '  cardinai  teeth  '  there  are  in  front  and  behind 
*laUral  teeth,' often  produced  into  ridges.  The  ligament  lies  behtud  the 
binge  and  is  usually  visible  from  the  outside  (external  ligament),  but  is 
occasionally  transferred  to  the  interior  (internal  ligament,  fig.  847).  The  so- 
called  schizodont  and  desmodoDt  hinges  are  tnodificntions  of  the  hetero- 
dont. Then  there  are  Acephala  of  apparently  primitive  character  which 
either  lack  tbe  hinge  (dysodontj,  or  liavo  one  composed  of  numerous  teeth 
in  a  series  symmetrical  to  the  umbo  (lajtodont),  or  of  two  strong  leeth  like- 
wise symmetrical  to  the  umbo  (iaodonl).  In  them:  cnses  the  ligament  is 
developed  in  front  of  as  well  as  behind  the  umbo,  and  may  be  either 
external  or  internal. 

Since  the  secretion  of  shell  takes  place  most  rapidly  at  the  edge 
of  the  mantle,  both  are  closely  united,  the  union  being  strength- 
ened by  email  muscles.  So  the  edge  of  the  shell  has  a  different 
appearance  from  the  rest,  this  part  being  marked  off  by  a  pallial 
line  parallel  to  the  margin  (fig.  347).     In  many  species,  the  Sinu- 
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palliata,  the  line  at  the  hinder  end  makes  a  largo  bay  {paZlial 
sinus)  (fig.  348,  s).  Since  the  mantle  folds  are  membranes  with 
free  margins,  it  follows  that  when  the  shell  is  closed  these  edges  a.i-e 
pressed  together,  which  would  prevent  the  free  entrance  and  escit 
of  water.  To  accommodate  this  each  mantle  has  its  margin  exca- 
vated at  the  posterior  end,  so  that  when  brought  together  t\ro 
openings,  an  upper  and  a  lower,  result  (fig.  349,  C).     The  lower 


Fro.  84S.— Tentrat  vlewn  of  slphoTiAte  and  aslphaiiiite  acephaln.  A,  Aaodonta  cvffnta  ; 
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of  these  is  the  branchial  opening  by  which  fresh  water  passes  into 
the  mantle  (branchial)  chiimber;  it  flows  out  after  passing  over 
the  gills,  along  with  the  fwcea,  through  the  upper  or  cloacal  open- 
ing.    In  many  bivalves  the  free  edges  of  the  mantle  grow  together, 


satlc  layer;  U  nacreoas 


leaving  three  openings,  one  for  the  protrusion  of  the  foot,  the 
others  the  two  just  described,  which  are  now  called  the  incnrrent 
(branchial)  and  eicurrent  (cloacal)  siphons  (fig.  349,  B).  By 
farther  development  the  margins  of  these  openings  are  drawn  out 
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into  two  long  conjoined  tubes  (fig.  349,  A),  which  for  their  retrac- 
tion need  special  muscles,  which  are  attached  to  the  valves  and 
thus  cause  the  pallial  sinus  referred  to  above  (fig.  348). 

Ill  the  shell  three  layers  may  be  distinguished  (fig.  850):  on  the  oulside 
a  thin  organic  cuticula  and  below  two  layers  largely  of  calcic  carbonate. 
In  many  these  two  layers  are  distinguished  as  the  prismnCic  layer  and  the 
nacreous  Inyer,  the  Grst  consisting  of  closely  packed  prisms;  the  nacreous 
layer  of  thin  Inmellte  generally  parallel  to  the  surface.  These  by  tbeir  free 
edges  produce  diffraction  spectra  and  so  the  iridescent  appearance  of  the 
shell;  the  finer  the  linos  thus  formed  the  more  beautiful  the  pisy  of  colors. 
This  is  Specially  noticeable  in  the  raol he r-ot- pearl  shells  Mtleagrina  and 
Margarititia  margaritifera.  When  foreign  substances  get  between  mantis 
and  shell  they  stimulate  a  greater  secretion  of  nacreous  substance  and 
become  surronnded  by  layers  of  it.    In  this  wny  pearls  are  formed. 


lamella!  of  righc  sill ;  fi>.  K*.  Inner  an 
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The  gills  lie  between  the  mantle  and  tbe  body  and  from  their 
lamellar  character  have  given  rise  to  the  name  Lamellibranchista 
(figs.  351,  352).  Two  gill-Ieavcs  occur  on  either  side,  although 
occasionally  the  outer  or  both  may  degenerate.  Frequently  the 
gllla  of  the  two  aides  unite  behind  the  body  and  produce  a  parti- 
tion which  separates  the  mantle  cavity  into  a  small  dorsal  cloacal 


362  M0LLU8CA. 

chamber  and  the  larger  lower  respiratory  cavity.  Into  the  cloaca 
empty  the  anus  and  the  water  which  has  passed  over  the  gills;  it 
opens  to  the  exterior  throngh  the  excurrent  siphon.  The  incurrent 
siphon  leads  into  the  branchial  chamber.  In  front  of  the  gills 
are  two  more  pairs  of  leaf-like  lobes,  the  labial  palpi,  between 
which  is  the  mouth. 

The  gills  are  variously  developed.  The  Nuculidn — tbe  most  primitive 
of  living  Aoepbala — have  true  ctenidia  consisting  of  an  axis  grown  to 
(he  body  and  an  inner  and  an  outer  row  of  gill  leaves  (flg.  S6G).  From 
this  tbe  flllbraDch  lype  is  easily  derived.    Tbe  gill  leaves  grow  out  into 
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long  filaments,  each  bent  on  itself  so  that  it  presents  two  limbs,  a  descend- 
ing and  an  Rscendiiig.  These  branchial  threads  are  so  matted  together 
that  they  give  tbe  impression  of  a  continuous  leaf.  In  the  true  lamellar 
gill  the  threads  of  the  filibrnnch  grow  together  at  intervals,  leaving  open- 
ings, the  gill  slits.  Since  tliere  is  an  ascending  and  a  descending  limb,  it 
follows  that  each  gill  consists  of  an  inner  and  an  outer  leaf  (flg.  SS3),  leav- 
ing a  space  between  into  which  the  gill  slits  open.  This  internal  spsce  in 
some  serves  to  contain  the  young. 

The  complete  encloGure  of  the  body  in  the  mantle  folds  has 
led  to  a  degeneration  of  the  bead  and  its  normal  appendages 
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(Acephala).  Hence  there  are  only  two  divisions  in  the  body, 
dorsally  the  visceral  sac  and  ventrally  the  foot.  The  foot,  degener- 
ate in  many,  has  a  broad  sole  only  in  Peclwnculvs  and  the  Xucnli- 
die;  usually  it  is  hutchet-shaped  (Pelecypoda),  that  is,  compreBBed 
vith  a  ronnded  ventral  margin.  It  may  be  enormonely  expanded 
und  contracted  again.  This  expansion  is  often  explained  by  the 
taking  of  vater  into  the  blood,  but  now  it  is  generally  accepted 
that  it  is  accomplished  by  forcing  blood  from  other  regions  into 
it.  While  the  foot  by  this  extensibility  can  serve  as  a  locomotor 
organ,  it  also  functicna  in  many  as  an  organ  of  attachment. 
Inside  is  a  large  byssus  gland  which  can  secrete  silky  threads,  the 
byssus  (6g.  353),  one  end  of  which  is  fastened  to  foreign  objects  by 


Flo  888.— .VWHui  (rfutw,  (After  Blancliard.)  a,  edge  of  mantle ;  \  aplnDlng  flngar  of 
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means  of  a  finger-like  process  of  the  foot,  while  the  other  end 
remains  in  connection  with  the  foot.  Molluscs  which  have  a  byssal 
gland  are  found  anchored  by  a  thick  bunch  of  byesal  threads  to 
stones,  etc. 

The  heart,  surrounded  by  a  pericardium,  usually  occupies  the 
most  dorsal  part  of  tlie  visceral  sac.  It  conalBts  of  a  ventricle  and 
a  pair  of  auricles  (figs.  351,  352,  /i',  h').  The  auricloB  receive  the 
blood  direct  from  the  gills;  the  ventricle  forces  it  out  through 
anterior  and  posterior  aortse  (fig.  351),  the  latter  lacking  in  many 
specie  9. 

The  excretory  organs  (organs  of  Bojanus)  lie  immediately 
below  the  i>ericardium.     The  organs  of  the  two  sides  touch  in  the 
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middle  line.  Each  consists  of  a  dorsal  smooth-walled  chamber 
and  a  lower  portion  traversed  by  threads,  both  connected  behind 
but  separated  elsewhere  by  a  thin  partition.  The  lower  chamber 
is  connected  in  front  with  the  pericardium  by  a  ciliated  canal,  the 
nephrostome,  while  the  upper  opens  to  the  outside  by  a  short 
canal,  the  ureter,  the  external  opening  being  in  the  region  of  the 
inner  cavity  of  the  inner  gill.  In  this  way  a  connexion  is  estab- 
lished from  the  pericardium  to  the  exterior,  the  apparatus  being 
apparently  a  true  nephridium.  In  many  it  serves  also  as  genital 
duct,  but  usually  the  genital  and  reproductive  ducts  are  separate. 
The  animals  are  usually  dioecious,  the  gonads  being  acinose 
glands. 

The  digestive  tract  (fig.  351)  begins  with  a  short  oesophagus, 
widens  out  to  a  large  stomach  from  which  a  slender  intestine  leads, 
with  many  convolutions,  to  the  anus.  In  the  majority  of  Acephals 
the  terminal  portion  enters  the  pericardium  in  front  and  below, 
passes  through  the  ventricle  and  out  through  the  upper  posterior 
wall  of  the  pericardium.  In  its  course  the  alimentary  tract  is 
enveloped  by  the  gonads  and  the  voluminous  liver,  the  secretion 
of  the  latter  emptying  by  two  ducts  into  the  stomach.  Usually 
the  stomach  has  a  blind  sac,  in  which  lies  the  'crystalline  style,'  a 
rod -like  structure  of  uncertain  significance. 

The  three  typical  molluscan  ganglia  (p.  353)  are  uncommonly 
wide  apart.  The  two  brain  ganglia  (cerebropleural  ganglia)  lie 
either  side  of  the  mouth  at  tho  base  of  the  labial  palpi  and  ventral 
to  the  anterior  adductor.  They  are  very  small,  since  cephalic 
sense  organs  are  lacking,  and  are  united  by  a  transverse  supra- 
oesophageal  commissure.  The  posterior  ganglia,  composed  of  the 
united  parietal  and  pedal  ganglia,  lie  near  the  anus  ventral  to  the 
posterior  adductor.  The  pedal  ganglia,  rather  far  forward  in 
the  muscles  of  the  foot,  are  closely  approximate.  Of  the  higher 
sense  organs  only  the  otocysts  near  the  foot  are  constant.  The 
labial  palpi  are  also  highly  sensory,  while  two  small  osphradia  occur 
at  the  basis  of  the  gills.  When  eyes  occur  they  are,  as  in  the  scal- 
lops (Pectinidae),  arranged  in  a  row  like  pearls  on  the  margin  of 
the  mantle.  Small  tentacles  with  sensory  powers  may  occur  both 
on  the  margin  of  the  mantle  and  on  the  tip  of  the  siphon. 

Yeligers  (fig.  342)  are  very  common  in  developmeDt.  When  this  stage 
IB  lacking  the  history  may  contain  a  metamorphosis  as  in  the  fresh-water 
Anodonta,  The  young  which  grow  in  the  maternal  gills  are  known  as 
Olochidia,  which  are  distinguished  from  the  adult  by  a  byssus  thread, 
by  only  a  single  adductor,  and  by  a  hook  or  tooth  on  the  free  margin  of 
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the  shell  (fig.  854).  After  escape  from  the  gills  they  swim  about  by 
opening  and  closing  the  shells,  and  by 
means  of  the  hooks  attach  themselves 
to  passing  fish.  They  prodace  an  ulcer 
in  the  skin  of  the  fish  in  which  they 
grow,  and  by  renewal  of  the  shell  and 
the  adductor  muscles  attain  the  de- 
finitive condition.  After  this  metamor- 
phosis they  fall  to  the  bottom,  to  live 
henceforth  half  buried  in  the  mud. 

Structure   of    gills,   hinge,   edge  of 
mantle,  and  adductor  muscles  have  been 
used  as  basis  of  classification,  the  usual 
divisions  being  founded  on  characters  derived  from  only  one  of  these 
organs. 

Order  I.  Protochonchis. 

The  primitive  character  of  these  forms  is  shown  by  the  strnc- 
tare  of  the  gills,  which  are  either  ctenidia  (Protobranchiata)  or 


Fig.  354.— Olochidiam  of  Anodonta, 
(From  Balfour.)  oul^  adductor :  6y, 
byssns ;  «,  sense  hairs ;  </i,  shell. 


Fxo.  8S5.— Anatomy  of  NucvUa,  (After  Drew.)  oa,  anterior  adductor;  b«  byssal  gland; 
e,  cerebral  ganglion;  ct,  ctenldium;  /,  foot;  h,  heart;  I,  labial  palpus;  o.  otocyst; 
p,  pedal  ganglion;  pa,  posterior  adductor;  t,  stomach ;  U  appendage  of  palpus; 
o,  visceral  ganglion. 

filamentary  (Filibranchiata),  yet  here  and  there,  as  in  the  scal- 
lops and  oysters  (Psendolamellibranchiata),  the  fusion  of  gill  fila- 
ments is  already  begun.  Hinge  and  ligament  are  symmetrical 
with  regard  to  the  umbo,  or  vary  little  from  symmetry.  The  hinge 
may  be  lacking,  and  the  ligament  is  wholly  or  in  part  internal. 
The  mantle  edges  are  free,  and  rarely  is  there  the  first  trace  of  fusion. 


rw.!tjt.-YoliIia 


'   (From  BlDDer-OouLdJ 


FiO.  SET.— j1,  ItaUola plicatula-.    B.    Ptrtt 


i  C  Utiibit  cdolii.*    (From 
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8Qb  Order  I.  DIMYARIA.  Two  equally  developed  addoctors.  The 
taxodont  Nt)CtiLiD£  have  ctenidia,  a  broad  foot,  pleural  and  cerebral  gan- 
glia separate,  and  goiinda  emptyinK  through  the  nephridin,  all  points  whicli 
sbotr  (hem  extremely  primitive.  Nticula*  Leda,*  Yoidia.*  The  Arcidj! 
are  also  taxadont,  but  filibraiicb.     Seapharca,*  Argina.*     8olemtid£. 

Sub  Order  11.  ANISOMYARIA.  Anterior  adductor  rudimeulHry 
(Heteromyariu)  or  wanting  (Monomyaria).  \?Llh  the  exceptiou  of  the 
iscxiout  SpoNDTUDf,  nil  the  fHmilies  lack  a  hinge  (dysodont).  To  tlie 
H«terotnyaria  Wlnng  the  Mylilid^,  or  mussels,  with  strong  byssus  and 
shells  poLDiud  anteriorly.  Modiola,'  JHtma,*  Mytilus  edtdU,  abundant  on 
our  mud  flats ;  eaten  in  Europe,  but  occasionally  poisonous.  Preissenia 
jxjiymorpha,  a  brackish  and  Fresh-water  species,  has  spread  from  tlie 
Cnspian  through  centnil  Europe.  LUtuxioynua*  bores  into  stone.  The 
AvlcuLlD-Kof  warm  fleas  have  wing-lilte  projeclioua  eit her  sideof  the  umbo. 
Tbo  pearl  oyatere  of  tlie  East  and  West  Indies  {.yeUagrina)  belong  here. 
The  OSTa£ii>.£  and  tlie  PEtrriNiDS  are  mouom^'arian.  The  0»t)feiil»,  or 
oysters,  usually  become  atlaclied  by  the  right  valve.  Our  Aniei'ican 
Ostraa  ci'rjn'itana  differs  from  the  European  species  in  having  the  sexes 
separate.  The  Peetiiiidfe,  or  scallops,  are  free-swimming  and  are  well 
known  for  their  highly  developed  green  eyes  on  the  edge  of  the  mantle. 

Order  II.  Bataroconchite. 

Gills  always  lamellar,  their  outer  surface  frequcDtly  plaited. 
HiDge — in  rare  caaos  (Atiodonta)  lost  by  degeneration — is  lietero- 
dont  or  modified  from  a  heterodont  condition.  The  mantle  edges 
but  rarely  free  in  their  whole  extent;  siphons  uanally  present,  but 
in  some  so  small  (Integripalliata}as  to  cause  no  sinus  in  the  pallial 
line;  in  others  (Siniipalliata)  large,  the  pallial  hue  having  a  marked 
sinns.     Anterior  and  posterior  adductors  equally  developed, 

Snb  Order  I.  INTEGBIPALLIATA.  The  UNiONiD.«{N»i;idfel  include 
the  freah-waler  mussels,  of  which  hundreds  of  species  occur  in  the  Missis- 
sippi bnsin,  some  of  which  are  markedly  iridescent  and  afford  material 
for  pearl  buttons.  In  some  pearls  of  value  are  occasionally  found.  Unio* 
Anodonta.'  The  tropical  Trioacnid£.  uiili  small  siphons,  includes  the 


largest  Acepbalo,  Tridacna  gigas,  the  shell  of  wliieh  may  be  four  feet 
loiig  and  weigh  three  hundred  pounds.     The  heart  shells  (CAiiDiin*— 
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of  the  bod;  ii 


Cardium*,  Berripea*)  and  ASTARTiDiE,  marine,  aod  the  fresh-irater  Ctcla- 
DlDf  (Cydat,  Pisidiwn  *),  about  the  size  of  peas,  beloag  here,  as  probably 
do  the  extinct  Budistid£  oF  the  cretaceous. 

Sub  Order  II.  SINUPALLIATA.     The  VnNBRro*  with  awoUen  shells, 
represented  by  the  qualiog.  Venu»  metixiuiria  on  our  east  coast  and  br 
brightly  colored  species  In  the  tropi(»;  the  Uactridx  or 
\  hen  clHms,  and  the  flattened  delicate  Telunida  (Tdlina*, 

Mamma*),  have  short  siphons.    In  others  the  siphons  are 
so  large  that  the;  cannot  be  entirelj  retracted  within  the 
shell.     This  is  the  case  in  the  Mtida,  represented  in  all 
northern  sens  by  the  long  clam,  Mj/a  arenaria,  and  in  the 
razor  clams  (SoLENiDf,  Solen Ensatella').    The  alliedSAZi- 
CATIDX  have  burrowing  species.      These  forms  connect 
with  others  in  which  the  united  siphons  fnr  exceed  the  rest 
"    "    '  I  length,  giving  the  animal  a  worm-like  ap- 
pearance (Bg.  859).     Since  the  valves  do  not 
cover  the  whole  shell,  they  are  supplemented 
by  accessory  shells,  or  tlie  worm-like  bod; 
secretes  a  tube  in   which  the  rudimentary 
valves  are  imbedded  (Sg.   860).     The  Pho- 
LAD1D£,  some  of  which  are  phosphorescent, 
burrow  in  wood,  clay,  or  stone.    The  shell  is 
well  developed.    In  the  ship  worms  (Tere- 
DiDf]  the  shells,  on  the  other  hand,  are  small, 
while  in  some  species  the  burrows  made  by 
these  animals  in  wood  are  lined  by  culcareous 
deposits.     The  several  species  of  Teredo*  by 
their  boring  habits  do  much  damage  to  wood 
in   the  sea,  especially  in  the  tropics.     The 
Gabtroch£NID£  also  form  tubular  shells,  the 
valves  being  imbedded  in  the  tube  (fig.  860); 
at  the  smaller  anterior  end  the  tube  is  open, 
but  the  other  end  is  closed  by  a  perforated 
plate,  giving    these   animals  the   name   of 
'  sprinkling-pot  *  shells. 

Lastly,  there  should  be  mentioned  the 
.'''^!nier0™ 'i'tle-known  Sept ibranch lata,  in  which  the 
™m™(^m*f'"'  '""'*'  '*•*  shape  of  a  septum  perforated 
Lndwig-Leu- by  gill  sliis  separating  the  branchial  and  clo- 
ni».)  o,  shell,  ^j^j  chambers.    BUetiia,  CuapidaHa. 


chlal)  drawn 


Fio.asa— Tube  ,. 


shelL  B.teeth 
or  the  shell 
•nlarBed. 


IIL  SCAPHOPODA.    IV.   GASTEROPODA. 


369 


Class  III.  Scaphopoda  (Solenoconcto). 

The  tooth  shells  are  primitiye  forms  which  have  some  resem* 
blances  to  the  Acephala  in  the  paired 
liver  and  uephridia  and  in  structure  of  the 
nenrous  system  (with  the  exception  that  a 
buccal  ganglion  is  present  and  the  pleural 
ganglia  are  distinct  from  the  cerebral). 
In  some  points  they  are  primitiye  (persis- 
tence of  jaws  and  radula),  but  in  others  IH-/ 
they  are  considerably  modified.  They  lack 
gills,  have  unpaired  dioecious  gonads,  , 
rudimentary  heart  (no  auricle),  and  have 
two  banches  of  thread-like  tentacles  either 
side  of  the  mouth.  The  mantle  lobes, 
which  are  paired  in  the  larva,  unite  below, 
forming  a  sac  open  at  either  end,  and  this  Fio.aei.-DcneaWwmeiephan- 
secretes  a  shell  shaped  like  the  tusk  of  an  ^^i^ii^^^^^t^^'^^^t 
elephant,  from  the  larger  end  of  which  iiiyeVoiVof^SJ^Siu: 
protrudes  the  long  three-lobed  foot  used 
for  boring  in  the  sand.     Dentalium  (fig.  361),  EntalU*. 

Class  IV.  Gasteropoda. 

Although  more  highly  organized  than  the  Acephala,  the  snails 
are  in  some  respects  more  primitive.  The  regions  of  the  body — 
foot,  visceral  sac,  head,  and  mantle— occur  in  all  orders,  although 
in  each  one  or  more  forms  may  occur  in  which  one  or  another  part 
is  lost. 

As  a  rule  the  foot  is  flattened  ventrally  to  a  creeping  sole.  In 
it  may  be  distinguished  anterior  and  posterior  processes,  thej^ro- 
podium  and  metapodium,  a  sharp  lateral  margin,  the  parapodium, 
and,  above  these,  appendages  or  ridges,  the  epipodia.  Inside  the 
foot  is  usually  a  pedal  gland. 

The  head  bears  (1)  the  tentacles,  a  pair  of  muscular  lobes  or 
hollow  retractile  processes;  (2)  a  pair  of  primitive  vesicular  eyes, 
which  usually  lie  at  the  basis  of  the  tentacles,  but  may  rise  even 
to  their  tips.  In  many  snails  the  eyes  are  on  special  stalks  which, 
as  in  the  stylommatophorous  Pulmonata,  form  a  second  pair  of 
tentacles.  The  protrusion  of  the  tentacles  is  caused  by  an  inflow 
of  blood,  their  retraction  by  muscles  attached  to  the  tip  which 
draw  them  in  like  a  finger  of  a  glove. 
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The  mantle  begins  on  the  back  and  extends  thence  forward 
over  the  body  to  near  the  beginning  of  the  head.  It  covers  the 
mantle  cavity,  a  spacious  chamber,  which  in  the  water-breathing 
Prosobranchiata,  etc.,  contains  the  gills  (ctenidia)  and  opens 
outward  by  a  large  aperture  under  the  margin  of  the  mantle. 
The  edge  of  the  mantle  may  be  produced  into  a  long  groove-like 
siphon,  conveying  water  to  and  from  the  branchial  chamber, 
which  is  of  importance  in  determining  the  shape  of  the  shell. 
When,  by  degeneration  of  the  gill,  the  animals  become  air-breath- 
ing, the  mantle  cavity  becomes  a  lung,  and  the  opening,  by  growth 
of  the  mantle  edges  to  the  body,  becomes  a  small  spiraculum, 
closed  by  muscles. 

The  visceral  sac,  by  the  great  development  of  the  gonads  and 
liver,  becomes  very  large.  Since  growth  downwards  is  prevented 
by  the  muscular  foot,  the  organs  press  towards  the  back,  carrying 
before  them  the  dorsal  wall  at  the  origin  of  the  mantle  folds,  the 
line  of  least  resistance.  Some  organs,  like  nephridia  and  heart, 
may  be  pressed  into  the  mantle  cavity.  When  the  visceral  sac,  as 
often  occurs,  becomes  enormous,  it  does  not  stand  directly  upwards, 
but  coils  from  left  to  right  in  a  spiral.  The  older  the  animal 
the  more  the  spiral  coils  and  the  larger  the  last  or  body  whorl. 
The  visceral  spiral  therefore  begins  at  the  tip  with  narrow  whorls 
which  increase  in  size  with  approach  to  the  rest  of  the  body. 

From  the  foregoing  the  shape  of  the  shell  is  easily  understood. 
As  a  secretion  of  the  mantle  it  takes  the  form  which  the  mantle 
assumes  under  the  influence  of  the  visceral  sac.  With  slight  devel- 
opment of  the  visceral  sac  it  forms  a  flattened  cone  (fig.  362,  A ), 
or  is  slightly  coiled  at  the  apex,  as  in  the  abalone  {B),  When  the 
visceral  sac  is  greatly  elongate  the  shell  is  correspondingly  an 
elongate  cone.  It  is  rarely  irregularly  coiled  (Vermetidse,  fig. 
362,  (7).  It  is  usually  coiled  like  a  watch  spring  in  one  plane,  or 
like  a  spiral  staircase ;  in  the  latter  case  the  shell  is  more  or  less 
conical  (fig.  362,  D,  E)  and  one  can  speak  of  its  apex  and  base. 
In  the  middle  of  the  base  is  usually  a  depression,  the  umbilicus. 
Sometimes  the  coils  are  loose  and  do  not  touch  in  the  axis  con- 
necting umbilicus  and  apex,  so  that  one  can  look  into  the  space, 
but  usually  the  coils  fuse  together  into  a  calcareous  pillar,  the 
columella,  around  which  the  whorls  pass  (fig.  362,  E,  c). 

The  shell  increases  to  a  certain  size  by  additions  from  the  mantle 
edge;  and  since  this  determines  the  aperture,  the  shell  is  marked 
with  parallel  lines  of  growth.  The  pigment  is  elaborated  on  the 
edge  of  the  mantle,  and  in  the  formation  of  the  shell  passes  into 
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it,  caasing  its  color  pattern.  When  the  siphon  ib  present  the 
shell  shows  a  corresponding  procesa.  Thus  are  distingaished 
bolostomato  shells  vith  smooth  mouths  (fig.  362,  D)  and  siphono- 
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fio.  aae.— Varlons  forniB  ot  shells,  (Afler  Schmarda.  Broan.&nd  Clessln.)  A.  Patella 
ow(nta;B,  Hoiinlli-iuteriTilalarC.  Ve^mf(ll«rt«n(V«™,■D,L«huoil(phl«ll(I(^wW<^',■ 
£,  shell  or  .Vuru;  opened  U>  shon  t,  columella :  i,  Blphoo. 

stome  shells,   in   which  the  anterior  margin  is  drawn  out  in  a 
groove  (fig.  3B2,  E). 

A  simple  conical  shell  nithout  further  evidence  is  not  proof  of  primi- 
tive sIrDcture.  It  may  arise  from  the  spiral  form  by  degeneration,  if  the 
visceral  sac  be  reduced.  Thus  I  he  shells  of  Fissurella  and  Putetla  are  to  be 
explained,  for  the  viscera  here  show  the  results  of  an  earlier  spiral  twisl. 

In  most  places  the  union  between  shell  and  soft  parts  is  not  very  firm, 
but  the  connexion  at  the  aperture  is  more  intimate,  while  a  muscle  is  at- 
tached to  the  columella  (musculus  columellaria)  at  about  the  middle  point 
of  its  height,  the  other  end  being  inserted  in  the  foot.  It  is  for  the  retrac- 
tion of  the  animal  within  the  shell,  first  the  anterior  part  with  the  head 
and  then  the  rest  with  the  metapodium.  In  this  the  metapodium  is  folded 
so  that  its  dorsal  surface  lies  towards  the  aperture.  Hence  in  many  species 
this  snrface  secretes  a  door,  or  <g>erculum,  which  closes  the  aperture  when 
the  body  retracts.  Since  the  aperture  increases  in  size  with  growth,  the 
operculum  must  also  enlarge,  which  is  accomplished  in  a  spiral  manner 
(Bg.  363,  D],  the  process  sometimes  showing  in  a  spiral  line  on  the  out* 
aide.  So-called  eye  stones  are  the  opercula  ot  small  Trochidie  and  Tur- 
binidffl.      Land  snails  are  usually  without  opercula,  but  at  certain  times» 
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aa  in  hibernation,  they  can  close  the  shell  by  a  oalcareons  plate,  the  «p^- 
j}hragm.     In  the  spring  this  separates  from  the  shell  nnd  is  lost. 

In  most  gasteropoda  the  shell  is  coiled  to  the  ri^^ht,  but  in  some  speciea 
(Qg.  303)  the  whorls  are  constanti)'  turned  to  the  left, 
while  reversed  specimens  occasionally  occur  in  many 
species  which  are  normally  dextral. 

In  the  shell  there  are  at  most  two  layers,  an  innet- 
InmelUr  Uiyer  (not  always  present),  which  sometimes 
is  highly  iridescent,  and  an  outer  porcellanoiis  layer, 
Fio.3Ki.-sii.t«t™i  shell  "■*''<=•'  '»  opaque  and  contains  the  pigment.    In  rare 
ot  LaniMei  cardiudw.  cases  the  mantle  and  consequently  the  shell  are  lack- 
Qla)  ing,  or  the  mantle  is  present  but  the  shell  is  rudi- 

mentary and  not  visible  externally  because  the  mantle  folds  have  grown 
over  it.  In  these  cases  the  visceral  sac  is  not  prominent.  Since  the  shell- 
less  forms  possess  a  mantle  and  shell  in  the  young,  the  adult  conditions 
are  explained  by  degenerntion. 

Only  a  few  gasteropods  are  like  the  AmpMnetira  aDil  Acepbala 
in  being  bilaterally  Bymmetrical.  Uaually  the  spiral  twist  of  the 
visceral  sac  has  resulted  in  a  torsion  of  other  parts  from  left  to 
right,  in  which  alimentary  tract,  nephridia,  gills,  heart,  and  nerr- 
ouB  system  take  part.  The  intestine  is  bent  in  this  way,  the  anus 
opening  into  the  mantle  chamber  on  the  right  side,  or  the  twisting 
may  be  continued  so  far  aa  to  double  the  intestine  on  itself,  the 
anus  being  in  the  middle  line  in  front,  near  the  head.     Nephridia, 


nlonof  tbabpdrai 

of  the  primitive  left  side. 

cle:   m.  moath;  n.  nephrldl , „.  ... , 

pt.  pedal  gansKoD;  pi,  pleural  ipinglloDi  v,  ventricle. 


gills  (with  them  the  osphradia),  and  heart  wander  in  company,  so 
that  the  organs  primitively  belonging  on  the  left  side  may  be  trans- 
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toTTed  to  tho  right  and  vice  versa.  With  thia  there  ie  &  tendency 
to  Ewymmetry  and  the  losa  of  the  organs  (nenaliy  of  the  primitively 
left  Bide).  When  the  nervone  system  takes  part  in  the  twisting 
a  notable  crossing  of  the  cerebroviaceral  commissures  takes  place, 
known  as  etreptonenry  or  chiastonenry  (fig.  364,  c). 

The  alimentary  canal  begins  with  a  mnscnlar  region  which  in 
Bome  gronps  is  developed  into  a  hti^e  protrusible  proboscis  (fig. 
365).     The  pharynx,  which  follows,  contains  the  tongne,  a  Tentral 
ridge  supported  by  one  or  more  cartilages  and  covered  by  a  cntic- 
iilar  layer,  the  radula  or  lingnal  ribbon  (odondophore).     The  tipper 
surface  of  the  radula  is  armed 
with    sharp,    backwardly   di- 
rected teeth  (fig.  366)  which 
are  usually  arranged  in  trans- 
verae  and  longitudinal   rows, 
but  which   vary  so  in   num- 
ber, form,  size,  and  arrange- 
ment that  they  are  of  value  in 
classification.      Although  the 
radohi  covers  the  tongue,  it  ia 


Tia.  aaS.'Pvrula  tvtia,  mkle.  (After  SoDloret.)  Ths  m&ntle  hu  been  cut  on  tb» 
rishtslde  and  tnroed  to  the  left. Toverslni  the  naiUlail  orgtinfi.  n.  nnnB.-  c,  cteoid- 
lum:  em,  colamellmr  mascle:  V.  foot  ^  Ji.lieart  \a  pericardium;  i.  Intentlne:  I. 
liver;  m.  mantle;  n^,  floor  of  mnntle  cuvltyi  n.  nephrldlum;  n*.  openlns  of 
nephrldlam :  o,  OKphrkdlum ;  p,  probonclB;  pc,  penis;  I,  teBtee:  t.  van  deferen» 

FiQ,  an.— Pharyngeal  region  of  Hellzpmnotlo.  ^,  side  tIew;  fl,  sootion.  tn,  mnaclo; 
ex.  ceKipha^s ;  r,  radula ;  r>,  radula  sac  ;  tp,  salivary  duct ;  i.  Ungual  cartilage. 

formed  in  tho  radula  Bac,  which  lies  behind  the  tongue.  From 
thia  it  grows  forward  like  a  nail  over  its  bed  as  foat  as  it  is  worn 
out  in  front.  It  is  opposed  in  eating  by  a  single  median  or  a 
pair  of  lateral  jaws  (lacking  in  carnivorous  forma). 

Tho  rest  of  the  alimentary  canal  is  convoluted,  the  anus  being 
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usually  on  the  right  side  in  fronts  in  or  heside  the  mantle  chamber 

(figs.  365,  370,  371).     Barely  it  empties  in  the  middle  line  behind. 

(Esophagus,  stomachy  and  intestine  are  slightly  marked   off 

from  each  other.     The  convolutions  of  the  intestine  are  enveloped 


Fio.  967.— Row  of  teeth  from  the  radula  of  Trochus  cirwrtirlfu,    (After  Schmarda.) 

by  the  liver,  which  by  its  large  size  forms  the  chief  part  of  the 
visceral  sac.  A  pair  of  salivary  glands  empty  into  the  pharynx, 
these  in  the  Doliidae  secreting  free  sulphuric  acid. 

The  nervous  system  usually  differs  from  that  of  other  molluscs 
in  that  the  pleural  and  parietal  ganglia  are  free  (p.  353).  If  the 
commissures  be  short,  the  ganglia  are  collected  near  the  pharynx 
and,  thus  freed  from  the  body  torsion,  are  symmetrical  (orthoneu- 
rous,  fig.  368,  77).  If  the  cerebrovisceral  commissure  be  longer, 
the  result  is  almost  always  streptoneury  (chiastoneury).  Pleural 
and  visceral  ganglia  hold  their  place,  but  the  right  pariet^il  ganglion 
crosses  above  the  intestine  to  the  left  side  (hence  called  supra- 
intestinal),  while  the  left  passes  under  the  intestine  to  the  right 
side  (subintestinal),  the  cerebrovisceral  commissure  being  twisted 
like  the  figure  8.  The  strong  development  of  the  pharynx  is  ac- 
companied by  buccal  ganglia.  The  existence  of  streptoneurous 
forms  among  the  orthoneurous  Opisthobranchs  {Actceon)  and  Pul- 
monata  (Chilina)  shows  that  orthoneury  in  these  groups  has  arisen 
from  streptoneury. 

Gills,  heart,  and  nephridia  are  best  treated  together.  Certain 
genera  (Haliotis,  Fissurella)  recall  the  Acephala  in  having  these 
organs  in  pairs,  while  the  intestine  passes  through  the  heart.  As 
a  rule  the  asymmetry  induced  by  the  torsion  of  the  body  has 
resulted  in  the  loss  of  the  ctenidium,  osphradium,  nephridium, 
and  auricle  of  one  (the  primitively  left)  side.  Prosobranchs  and 
Opisthobranchs  are  recognized  accordingly  as  the  gills  are  on  the 
anterior  or  posterior  part  of  the  body.  In  the  Opisthobranchs 
(fig.  369)  the  ctenidia  have  been  lost  and  are  replaced  by  secondary 
gills  on  the  back.  Here  the  heart  is  in  front  of  the  gills;  it  receives 
blood  from  behind  and  forces  it  forward  to  the  head  by  an  aorta. 
In  the   Prosobranchs  the   heart  has  been   twisted  about  ninety 
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degrees,  so  that  the  atiricle  is  Id  front  and  the  ctenidinm  in  front 
of  this  (fig.  370),  while  the  aorta  leads  backwards.  The  nephrid- 
iam,  which  comrannicates  with  the  pericardium  by  a  nephro* 
stoine,  is  rarely  a  racemose  gland;  nso^ly  it  is  saccular,  the  lumen 


d  irom  tha 


Dbral;  p,  pcdnl:  PI,  pleural:  Kb,  ip.  B 
intP«tinal  ganglia:  ii,  olfartorj'  nerve;  n.  olocvsl. 
Fio.  MS— DlAKram  of  circulation  In   Dorit,    (After  Leuckart.)    a.  w 
aroDnd  anna;  (.  tentacle;  v,  ventricle;  x,  vessela  returning  venous  I 
body. 

bearing  gland  cells  and  concretions;  its  duct  either  empties  into 
the  mantle  cavity  or  beside  the  anus. 

The  eoxual  organs  in  some  forms  (Cyolobranchs  and  many 
Zygobranchs)  empty  into  the  nephridia.  They  show  two  extremes. 
On  the  one  hand  are  completely  ditecious  si>ecieB,  on  the  other 
there  may  be  complete  hermaphroditism  (many  Tectibranchs, 
Pteropoda),  in  which  the  male  and  female  organs  are  united 
thronghont  their  extent.  Intermediate  stages  occur;  those  of 
the  pulmonates  are  described  below. 


In  tbe  Helioldn  there  is  a  herniBpbrodit«  gonftd  which  lies  together 
with  the  liver  in  one  of  the  first  wborls  of  the  shell  (flg.  871,  «)■  A  coiled 
genital  duct  follows  which  widens  to  ft  thick-walled   'uterus'  (m>  along 


.   (AtMr  Qaoj  et 

haart;  df.  vsa  delercDs;  li,  Uver :  in,  stomach ;  If,  cerebral  ganglion  t  oc,  ere  :  pa, 

I»enl>;}A,  pbarrni,  tbe  radalaOrawDoutj  r,  reotum  i  re.  nephrldlom;  (,  tentca. 

which  a  second  Betninal  canal  appears  to  lie.  Actually  in  the  interior 
there  is  but  a  single  lumen,  the  different  appearances  being  due  to  glands 
in  tbe  walls.  A  separation  into  vbs  deferens  and  vagina  occurs  at  the 
end  of  the  ntems.  The  vas  deferens  Ivd)  proceeds  as  a  small  coiled 
canal  to  the  genital  pore.  Here  it  enlarges  to  a  protrusible  penis  (p) 
with  which  is  connected  a  retractor  muscle  and  an  appendage,  the  flageU 
lum(;f).  The  vagina  is  broader  and  goes  straight  to  the  genital  pore, 
where  it  meets  the  penis.  Connected  with  the  female  genitalia  are  the 
large  albumen  gland  (ei)  at  the  t>egiMning  of  the  uterus  and  a  recepiac- 
nlum  seminis  (r) ;  a  round  reaicle  connects  with  the  vagina  by  a  long 
duct,  and  (not  always  present)  two  '  finger-form  glands.'  Lastly,  the  dart 
sac  (ps)  of  the  vaginal  wall,  which  secretes  a  calcareous  stylet,  tbe  '  love 
dart,'  which  in  copulation  acts  as  a  stimulus  to  the  male  genitalia.  In 
spile  of  hermaphroditism  a  copulation  lasting  for  days  may  occur,  con- 
nected with  which  is  the  fact  that  in  many  species  the  male  cells  are  first 
matured,  then  tbe  female  (proterogyny) ;  or  tlie  reverse  may  occur 
(proterandry). 

The  Besnal  opening  is  almost  always  OD  the  right  side,  beside 
the  anng  or  in  front  of  it  on  the  head.  Its  position  may  be  rec- 
ognized in  hermaphroditic  species  and  in  dicscions  males  by  the 
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grooved  dermal  fold,  the  penis  (fig.  370,  pe).  Occaaionally  this  is 
separated  from  the  genital  pore,  bat  ia  connected  with  it  by  a  cUi- 
ated  grooye. 

Tlie  terrestrial  snails  lay  their  large  tongh-shelled  eggs  in  damp 
earth ;  in  the  aquatic  forms  the  eggs  are  laid  in  masses,  UBiially 


Fm.  Sn.— Anatomy  o(  Hit\x  pnmnHn.  the  root  at  Uib  i 

Bide  ani]  turned  to  the  right;  the  perlcardlnm  anu  visusroi  • 

viscen  separated,    n,  Etnna;  e.  colnmellar  muscle:   d.    InteSLinn:   n,  Hioamen 

fland:/.  flDUer-form  gland;  fl.  flagellum;/u,  foot;  u. cerebral  KHngllon;  h.  beart; 
liver:  lu.  inag:  m.  stomacb:  n,  nenhrldlam;  n',  its  openlns:  p,  penis:  pi,  dart 
aao:  r.  receptacnlam  temlnla;  >,  pharrni;  V-  •allvory  KUind;  u,  qIai-db  :  v, 
Tagtoa  ;  vd,  vaa  deferens  ;  i,  hermaphrodite  gonad. 

gelsMnons,  each  egg  with  a  layer  of  albumen  and  a  firm  shell. 
Occasionally  there  is  a  kind  of  nest,  as  ie  tlie  case  vith  lanthina 
which  carry  the  mass  of  eggs,  attached  to  the  foot,  about  with 
them.     A  few  gasteropoda  are  viviparous. 

In  the  development  the  great  constancy  with  which  the  veliger 
stage  (figs.  342,  343)  appears  is  noticeable.  Moat  marine  larvie 
swim  by  their  velnm  (often  divided)  at  the  sarface  before  creeping 
at  the  bottom.     Bnt  in  those  cases  where  the  snail  leaves  the  egg 


in  the  definitive  condition  the  velum  is  nBoally  developed  in 
embryonic  life,  sometimes  so  strongly  that  the  embryo  rotates  in 
the  Barroundiag  flaid. 

Order  I,  Proaobt«i>chi«. 
The  Prosobranchs,  like  most  gasteropods,  have  the  twisting  of 
the  visceral  complex  from  left  posterior  to  right  anterior,  so  that 
the  anD9  lies  on  the  right  side  near  the  head,  the  nervons  com- 
missures are  twisted  into  an  8,  and  the  nephridia  of  the  right 
side  have  been  carried  to  the  left,  where  they  lie  far  forward. 
This  has  twisted  the  heart  so  that  it  receives  branchial  blood  from 
in  front  and  sends  it  backwards  through  the  aorta.  The  sesca 
are  separate  and  the  shell  and  mantle  are  usually  well  developed. 
Accordingly  as  the  mantle  is  drawn  out  in  a  siphon  or  not,  the 
sheila  are  siphonostomate  or  holostomate  (p.  i{71).  Certain 
Prosobranchs  are  near  the  primitive  Amphineura  in  the  reten- 
tion of  both  ctenidia,  both  auricles,  asd  both  nephridia,  but  in  the 
great  majority  only  one  gill  (the  primitive  right)  is  present  and  the 
corresponding  auricle  alone  is  well  developed,  although  the  other 
may  exist  in  a  rudimentary  condition. 

Sub  Order  I.  ASPIDOBRANCHIA  {Diotooardia,  Scuti  branch  is). 
Ctenidium  bipectiDAte  (flg.  873)  or  xbaent.  Tbei-e  nre  usunlly  two 
auricles  and  two  nephridia.     BOCOOLOSSA  (limpels),   nnricle  single; 


FlO.  SnS.—Acmiea  liMtwiinatii* Ihnpet.   (From  Blnner-Oould.) 

one  or  no  ctenidium ;  iniestine  not  pnssiog  through  heart,  shell  conical. 
Ach£IDjC  with  ctenidium.  Acmira*  (tig.  873).  Patellidk,  clenidia 
lacking,  replaced  by  aring-like  mantle  gill.    Fatdla  (flg.  882,  A).    ZYGO- 
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BRiWCHIA.  Two  ctenidia  (fig.  873),  abell  with  margiDal  slit  or  wilh 
holes  corresponding  to  an  anal  notch  in  the  mantle;  aariclee  and  ne- 
phridia  paired;  heart  traversed  by  intestine.  Fissurellida.  Leyfaole  lim- 
ptets;  shell  conical,  with  apical  openiog.  Ualiotid£,  abalones;  shell 
weakly  spiral,  fiat,  with  a  series  of  holes.    Ualiotis*  i&g.  363,  B).   AZYOO- 


fnmteala-  B,  Liuruaa 


BRANCHIA.  One  ctenidium,  but  two  auriclea.  Trochid.*;,  operciihim 
horny  ;  Trochtit,  Margarita*  Tuiibihid£,  top  shells;  operculum  calca- 
I'eoijs.     Turbo,  Fhaaianella. 

Sub  Order  II.     PECTINIBRANCHIA  (Monotocardia,  CtenobraDchia). 
Cteuidiam  unipectinate,  osphradium  well  differentiated  (fig  8S5).  intestine 
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not  passing  through  the  heart.  Hany  groups  are  rDcognized,  based  apon 
the  structure  of  the  lingual  ribbon.  Of  the  thousands  of  species  odIj  a 
few  groups  can  be  included  here.  BHACHIGLOSSA  ;  siphonoetomate, 
predatory.  Muricid^  (Uurex,  Purpura*  Uroaalpinx*)  have  an  anal 
gland  Bevreting  a  substance  first  colorless,  turning  to  purple  by  exposure 
to  air.  The  Tyrian  purple  was  ^roAMeeAhj  Murex  trunevlus.  Urvsaipirtx 
ejrierojs*  drills  into  oysters.  BuociNiDf,  whelks,  Volutid^,  and  Outid^g 
belong  here.  TOXIQLOSSA ;  CoNiDf,  with  large  oesophageal  poison 
gland,  Bome  species  producing  seTere  wonuds.  Oonus,  tropical;  Sele.* 
TjBNIOGLOSSA  ;  NATiciD.e,  Neverita,*  and  Lwtatia,*  common  snail  of 
Atlantic  coast,  their  egg-masses  being  the  familiar  sand  saucers.  Lrr- 
TOBlNiD*  ;  periwinkles,  CYPSiBiDA;,  cowries;  Cypraa  morteta  ol  laA'M  is 
used  as  money  in  Africa.  Amphllarid^;  amphibious,  part  of  branchial 
cavity  acting  as  lung,  part  containing  ctenidium.  Paludihid^ ,  fresh 
water,  CfCLoSTOUiDf,  tropical  terrestrial  forms,  the  mantle  cavity  a 
lung. 

HETEROPODA.  In  all  details  of  gills,  genitalia,  heart,  and  nervous 
system  these  are  true  Pectin ibrancfas,  but  from  an  esclusively  pelagic  life 
have  acquired  peculiar  modiQcations.  As  in  most  pelagic  animals  the 
body  is  gelatinous  and  transparent.  The  head  is  elongate,  and  the  body  is 
enlat^ed  so  that  usually  it  cannot  be  retracted  into  the  shell.  Most  char- 
acteristic is  the  division  of  the  foot  into  pro- and  metapodiuai(flg.37S),  the 


latter  forming  a  tail-like  elongation  of  the  body.  The  propodium  ia  verli- 
cally  flattened  and  by  its  uudulations  serves  as  a  swimming  organ.  The 
HeteropodH  are  predaceous  and  extremely  voracious ;  they  swim  back 
downwards.  The  Atlahtid^  can  complelely  withdraw  into  the  shell  and 
close  it  with  nn  operculum  ;  the  Carinariid^  (Bg.  STS)  have  a  shell  which 
scarcely  covers  the  visceral  complex  ;  the  PTEBOTRACHEm£  have  no  stLells. 


IT.    QAaTBSOPODA :  OPISTHOBSANCmA. 


Order  n.  OpUtliobniicUa. 
The  Opisthobrancliia  h&ve  not  varied  from  the  primitive  eym- 
metr;  to  such  an  extent  aa  have  Prosobmnchs  and  Palmonatea. 
The  anue  is  in  the  plane  of  symmetry  or  only  slightly  removed 
from  it,  although  it  'may  be  placed  far  forwards.  The  nervons 
system  is  orthonenrous,  the  twiat  being  straightened  (except  in 
Actseonida;).  The  heart  alao  retains  its  primitive  position,  receiv- 
ing blood  from  behind  and  forcing  it  forward  to  the  body  throogh 
the  aorta  (fig.  369).  In  rare  cases  a  (right)  ctenidium,  a  poorly 
developed  mantle,  and  a  thin  shell  enveloped  in  the  latter  occur. 
Usually  these  have  been  lost  and  the  place  of  the  ctenidium  is 
taken   by  acceSBory  gills  of  varioas  forms  or  a  dermal  respiration 


Tio.  37B.— Bvabvn  fotitjilnitata  from  above.     (After  Qcicenbaar.) 

. ..    .. J.    .     It „_  mantle;  cw,  ie»oph>«as:   i 

id  ouicrst. 


It  is  interesting  to  note  that  the  larva;  have  well-developed 
mantle  and  ehell.  Also  important  from  the  systematic  standpoint 
is  the  existence  of  hermaphroditism,  the  genital  dnct  opening 
on  the  right  side.  Many  of  the  Opisthobranchs  afford  fine 
examples,  in  form  and  coloration,  of  protective  resemblance.     All 


Sub  Order  I.  TECTIBRANCHIA.  Mantle  and  oanally  a  shell  and 
otenidiuni  present,  purapodial  processes  often  present.  Scapltander,' 
Bulla  *  Pfiiline*  Aplj/sia. 
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Sub  Order  11.  PTEROPODA.  Pelagic  forms  which  in  most  points  of 
structure  agree  with  the  Tectibrauchs.  The  head  and  usually  eyes  and 
tentacles  are  lacking,  while  the  fins  (in  reality  greatly  developed  i>ara- 
podia)  are  highly  characteristic,  giving  the  name  '  wing-footed '  to  these 
forms.  Like  the  Tectibranchs  they  are  hermaphroditic,  orthoneurous, 
have  a  single  ctenidium  and  a  posterior  auricle.    The  THEGASOMA.TA 


Fici.  877.—^,  Clio^xe  papilionaeea  ;  B,  Hyalea  tridentaia,    (After  YerrllL) 

have  shells,  those  of  Limaginidje:  (spiral)  and  Htaleid^  (pyramidal)  being 
calcareous.  The  Gtmbulid^  have  transparent  gelatinous  pseudo-shells 
formed  by  the  subepithelial  connective  tissue.  The  long  nearly  cylindrical 
shells  of  the  Cavolinid^  make  up  much  of  the  '  pterpod  ooze '  of  the  deep 
seas.  GYMNOSOM ATA  ;  shell  lacking.  Pnewnoderrnany  with  suckers  like 
those  of  cephalopods  on  the  proboscis.     Clione*  arctic. 

Sub  Order  III.     NUDIBRANCHIA.     Shell,    ctenidia,  and   osphradia 
lacking ;  most  possessing  accessory  gills  (or  cerata)  of  varying  form  and 


Fia.  878.  Fl».  879. 

Fio.  378.— 2>cw  f»  bilamellata,*  ^     , 

Fig.  879.— u£b2idia  papilloM,    (From  Ludwig-Leunis.) 

distribution.  In  the  DoRiDin).£  they  form  a  cluster  of  retractile  bushes 
around  the  anus  (fig.  378).  In  the  TRrroNiro^  they  are  in  two  rows,  right 
and  left  (often  branched)  upon  the  back.  The  .^Eoud.£  have  several  rows 
(Dendran&tus*)^  while  in  the  Eltsiidje  cerata  are  lacking.  The  JBolidse 
are  noteworthy  in  having  nematocysts  like  those  of  the  oodlenterates 
(p.  229). 
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Order  ni.  Pnlmonata 

In  BeTeral  respects  the  Pnlmonata  are  intermediate  between  the 
ProBObmnchs  and  Opisthobranchs.  Like  the  latter  they  are 
orthoneurone  and  hermaphroditic  (p.  376).  On  the  other  hand 
the  respiratory  organ  is  far  forward  near  the  head,  with  the  result 
here,  as  in  the  Frosobranche,  that  the  auricle  is  forward,  the  aorta 
behind.  The  opiethopnenmoue  TestacellidjB  have  the  lungs  at 
the  posterior  end  of  the  body.  Here  and  there  streptonearous 
conditions  occur  {Chilina). 

The  Inng,  the  most  characteristic  feature  of  the  order,  is  a 
spacious  sac  arising  from  t!ie  mantle  caTitj  along  with  the  degen- 
eration of  the  ctenidium.  It  begins  on  the  right  side  and  like  a 
half-moon  stretches  some  distance  on  the  left.  On  the  right  side 
is  a  small  opening,  the  spiracle,  with  a  sphincter  mnscle,  and  in  its 
margin  the  anus  and  sometimes  the  ureter.  The  roof  of  the  lung 
is  occupied  by  a  rich  network  of  blood  vessels  (fig.  3?1,  lu)  which 
draw  the  blood  from  a  marginal  vein,  collect 
it  in  a  main  trunk  and  carry  it  to  the  heart. 

Many  polmonates  are  aquatic,  but  since  they  have 
no  gills  they  must  occasioaally  cometo  the  surface  to 
fill  the  luDg  sac  witli  air.  This  is  Che  case  with  many 
pond  snails  of  the  Limnceitlee,  but  some,  which  live 
at  great  depths,  as  in  the  lakes  of  Geneva  and  Con- 
atance,  and  consequently  cannot  reach  the  surface, 
use  the  skin  and  to  some  extent  the  lung  for 
water- breathing.  Several  genera  (PiinorHs,  Ptdmo- 
branehia,  Siphonaria)  have  given  rise  to  secondary 
gills. 

Sub  Order  I.  8TTL0MMAT0PH0RA,  Foar  re- 
tractile tentacles,  the  eyes  being  borne  at  the  tips  of 
the  second  and  longer  p«ir.  The  llELiciD^have  a 
well-developed  shell,  closed  by  an  epiphragm  (p.  372) 
during  hibernation.  Helix,*  a&nj  hundred  species 
distributed  among  many  gab  genera  Pupa,*  Aeha- 
tina,  Bulimus,  many  tropical  species.  Limacid^. 
Shell  reduced,  completely  concealed  in  the  mantle.  ^'^;^(Z^lliirit- 
Zimax,'' Ation,*  Ariolimax.*  Lennto.)   nBpiraclo. 

Sub  Order  II.  BASSOHATOPHORA.  Only  one  pair  of  non-retractile 
tentacles,  the  eyes  at  their  base.  LutujElDS,  pond  anails,  hving  in  shallow 
ponds  and  brooks.    Limnaa,*  Planorhu.* 


Class  T.  Cephalopoda. 

The  Cephalopoda  are  distinguished  among  the  moIlnBCfi  by  theii 
size  and  their  high  organization.  The  majority  measure,  includ- 
ing the  arms,  from  eight  inches  to  three  feet  in  length,  a  few  are 
smaller  (two  to  seven  inches),  vhile  especially  rare  are  the  hnge 
giants,  some  of  which  may  be  over  forty  feet  in  length.  These 
large  species  for  a  long  time  were  only  known  from  the  tales  of 
sailors,  who  said  that  the  animals  had  grasped  vessels  with  their 
large  muscular  arms  and  had  drawn  them  into  the  sea.  In  the  last 
half-century  some  of  these  forms,  belonging  to  the  genns  Archu 


Fin.  881.  Fio.  SW. 

Fio.38L—Oc('itnutint|MntM  from  the  aide.    (Attflc  Hoyle.)   FuD Del  and  muitle  fold  U 

the  liKht;  back  and  eyes  od  tbe  lett. 
Fio.  388.— I^ttfD  kobUoflt,  ventral  view.    (After  Hoyle.) 

tettthis,  hare  been  stranded  by  storms  on  the  coasts  of  Newfound- 
land and  Japan.  One  of  these  Newfoundland  specimens  had  a 
body  twenty  feet  long  from  head  to  tail,  and  one  of  the  arms  was 
thirty-five  feet  in  length.  Since  these  arms  are  composed  entirely 
of  muscle,  it  is  easily  conceivable  that  they  might  swamp  a  small 
vessel. 

The  body  of  a  cephalopod  is  divided  by  a  constriction  into 
head  and  trunk.  At  the  extremity  of  the  head  is  the  mouth,  and 
around  this  a  circle  of  arms  or  tentacles.  Each  tentacle  is  taper- 
ing and  bears  on  its  oral  surface  rows  of  suckers  (in  some  species 
altered  to  hooks).     The  Octopoda  hare  eight  of  these  arms,  all 
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eqnal  in  size  (fig.  381),  four  on  the  right  Bide,  four  on  the  left. 
The  Decftpoda  (fig.  382)  have  in  addition  two  longer  arms  vhich 
bear  BDckera  only  on  the  enlarged  tips  and  can  be  retracted  into 
special  pouches.  This  additional  pair  come  between  the  third 
and  fourth  of  the  Octopoda,  counting  from  the  dorsal  side. 

Behind  the  crown  of  tentacles  are,  right  and  left,  the  pair  of 
large  eyea  which  superficially  clonely  resemble  those  of  the  verte- 
brates, since  they  have  a  transparent  cornea  and  a  large  pupil  sur- 
rounded by  an  iris.  Internally  the  resemblance  is  not  less  pro- 
nooDced  (fig.  383).     Behind  the  iris  is  a  lens  and  a  vitreous  body, 


Fio.  Sffl.— DlkKTMiimatlc  uctlOD  of  Ceplulopod  tjn.  (After  Get 

(choroid) :  C,  cornea;  ri,  ciliary  proceM ;  po,  optlu  ganifllon 

L,  Una;  p.  ptitllient  Wer:  He,  celluUr  Istbi-  of  retioa;  I 

IT.  irhltetodf. 
Fio.  3B4.— Schemntlo  section   ot  eve  of  A'autHua     {From  Baltoar.)    A.  apertnn  at 

optic  cup;  Inl,  IrlB-lltefoldof  lnt«KniQent;  JVjip,  optlu  nerve ;  R.  retlnn. 

the  latter  being  bounded  by  the  retina  and  this  in  turn  by  a  pig- 
mented silvery  layer,  the  argentea  or  choroid,  which  contains 
cartilages  recalling  the  sclerotic  coat.  Two  striking  peculiarities 
separate  these  eyes  from  those  of  the  vertebrates  and  show  that 
they  have  arisen  independently  and  have  an  entirely  different  de- 
velopmental history.  (1)  The  cornea  in  many  species  has  an 
opening  by  which  water  enters  the  anterior  chamber ;  (2)  the  layer 
of  rods  in  the  retina  abuts  against  the  vitreous  body  and  the  gan- 
glionic layer  lies  behind,  while  in  the  vertebrates  the  reverse  is 
the  case. 
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The  foregoing  description  applies  to  but  part  of  the  Cephalop- 
oda. The  highly  different  Nautilidie  have  a  large  nainber  of 
lobe-like  processes  on  the  head,  these  without  suckers.  The  eyes 
are  deep  pits,  opening  to  the  exterior  by  a  small  aperture,  the  base 
of  the  pit  being  occupied  bj  the  retina,  while  lens,  Tllreous  body, 
iris,  and  cornea  are  lacking  (fig.  384).  It  is  to  be  noticed  that  the 
other  oephalopod  eyes  pass  throngh  a  Nautilus  stage. 

In  the  trunk  anterior  and  posterior  sides  are  distinguishable, 
the  two  passing  into  each  other  on  the  sides.  The  anterior  side 
(which  corresponds  only  in  part  to  the  ventral  side  of  other  mol- 
luscs) is  wholly  covered  by  the  mantle,  a  stroug  muscul^ir  fold, 
which  takes  its  origin  from  the  periphery  of  the  body,  often 
encroaching  upon  the  back  and  alwavs  terminating  with  free  mar- 
gins at  the  head.  On  opening  the  mantle  by  a  ventral  incision  (fig. 
385)  the  two  ctenidia  (four  in  Jfavtilux)  are  seen  on  either  side. 


FiO,  SK.— .Srpia  ollleinnlu.  tbs  mftDtle  and  left  nephrldial  mo  opened  ta  show  the 
vena  cav&  leoAng  to  the  branchial  heart,  n.anus;  b,  ij.  lock  of  alphon&nd  mantle: 
a.  genital  opening;  K,  head:  i,  cteoldinm;  n,  nephridtal  aao  ;  ii',  nephrldlal  opea- 

Between  them  in  the  middle  line  is  the  anus,  and  right  and  left 
of  this  and  a  little  behind  are  the  nephridial  openings  (four  in  Nau- 
tilus, which  also  has  osphradia).  More  laterally  are  the  sexual 
openings,  of  which  one  (usually  the  right)  is  commonly  absent,. 
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At  the  head  the  mantle  opens  by  a  slit  to  the  exterior,  but  it  can 
be  closed  and  fastened  by  various  locking  contrivances  (in  Sepia, 
Loligo,  etc.,  by  button-like  projections  (fig.  385,  d)  which  fit  into 
corresponding  sockets  (b)  on  the  trunk).  When  thus  closed  the 
COTnmunication  with  the  esterior  is  by  a  special  conical  muscular 
tube,  the  funnel  or  siphon,  which  is  fastened  to  the  body  and  has 
a  wide  mantle  aperture.  Sinco  the  cephalopoda,  by  contraction 
of  the  mantle  wall,  can  drive  the  water  from  the  mantle  cavity 
through  the  siphon  with  great  force,  they  can  swim  very  rapidly  by 
the  reaction.  Here,  too,  Nautilns  is  peculiar  in  that  the  siphon  is 
thronghout  life  composed  of  two  overlapped  folds,  which  is  sig- 
niticant  sinco  in  the  embryos  of  other  forms  the  siphon  (fig.  3d6) 
arises  as  two  separate  folds  which  later  unite  to  produce  the  defini- 
tive condition.  A  typical  foot  is  lacking,  but  comparative  mor- 
phology shows  that  the  siphon  is  composed  of  a  pair  of  opipodia, 
while  tho  arms  are  differentiations  of  fused  foot  and  head. 

Head  and  trunk  are  covered  with  a  thin  mucous  skin,  whicli  ahons  in 
A  marked  degree  the  power  oF  changing  color.  Loligo  will  pass  from  a 
liark  red  to  a  translucent  white;  Octopua  has  an  even  greater  gamut  of 
color.     These  color  changes  are  possible  since  in  the  cuds  there  is  a  silvery 


Fio.  TOO.— Female  AatdUi«,Uie  shell  blJ<ectert.  (From  Ludwlft  LaurlB.l  r,  mantle:  >. 
doraiil  lobes:  a,  tsntaclea:  U,  head  fold;  6,  eye:  «.  slphnn  ^  7,  pflstUon  of  nid- 
nmeotal  gland:  S.  shell  moBole:  9,  IIvIdk  chamber;  so,  partltloas  betweeo 
chambers:  If.  aipbnDcle. 

Inyer  over  which  are  numeroas  different-colored  pigment  ceils  or  cltroma- 
lopfiores,  in  which  radial  muscle  fibres  are  inserted.  On  contraction  o( 
these  the  chromatophores  are  flattened  and  thus  influence  the  color ;  when 
the  fibres  relax  the  pigment  cells  contract  to  small  spots.  In  deep-sea 
ceplialopods  phosphorescent  organs  have  been  observeil. 

Notwithstanding  the  soft  bodies  a  well-developed  shell  occurs 
in  living  cephalopoda  only  in  Nautilus  and  Argonaula  (figa.  386, 
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398).     Externally   the   shell   of  the  former,  coiled  in    a   plane, 
resembles  that  of  certain  ?nails  like  Planorbis;  bnt  on  section  it 


Tio.  VSI.—apinia.  with  Intorn&l  shell.  (After  Owea.) 
is  seen  to  be  divided  by  partitions  into  numerous  chambers  which 
increaae  in  size  towards  the  aperture.  Only  in  the  last  is  the 
animal  situated;  the  others  are  filled  with  air.  Each  partition 
haa  a  small  opening,  and  through  these  runs  a  strand  of  tissue,  the 
siphuQcle.     Among  tlie  fossil  cephalopoda  many  forms — the  Nan- 


Fio,  888.— Dlaitram  of  abells.  etc.  of  ™r 

B,  Btl'<Kpta:  C,  BtUmntta;  D.  OrlnuiiteHll 
pMterlor ;  ph,  phragmooooe ;  pr,  proostraci 

tiloids  and  Ammonites — have  a  similar  chambered  shell;  but  in 
other  recent  forms  and  in  many  extinct  species  the  shell  has 
undergone  a  more  or  less  complete  degeneration.  In  Spirttla 
peronii  (the  animals  of  which  are  extremely  rare,  the  dead  shells 
common)  there  ia  a  similar  chambered  shell,  buried  in  the  mantle 
(fig.  387).  In  the  Decapoda  the  equivalent  of  the  shell  is  com- 
pfetely  concealed  in  the  back  of  the  animal.  In  the  Sepias  it  is 
a  lamellar  calcareous  structure,  the  well-known  cuttle  bone;  in  the 
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LoliginidsB  it  forms  a  '  peo '  of  purely  organic  nature  (fig.  340,  A). 
Like  true  shell  these  dorsal  structures  are  products  of  the  external 
epithelium,  only  the  epithelium  which  forms  them,  the  shell 
gland,  has  become  folded  in  aud  the  walla  have  united  over  it. 

The  shell  of  Argoiiauta  (flg.  868)  is  different.  It  occurs  only  in  tbe 
female,  is  thin  as  paper,  spirally  coiled  at  Che  tip,  nod  is  only  in  part  a 
secretion  of  tbe  body,  for  a  part  of  it  is  formed  by  two  tentacles  which  are 
expanded  for  this  purpose.  Internal  partitions  are  lacking,  and  this  shell 
serves  as  a  nest  for  the  ^gs.  A  word  or  two  may  be  added  to  correlate 
the  recent  and  fossil  shells  of  the  Dibranchiata,  which  are  always  internal 
and  more  or  less  radimentsry.  The  fossil  Belemniles  (flg,  888,  c)  had  a 
chambered  Biiell  ('  phragmocone ')  perforated  for  the  sipliuncle.  In  front 
this  is  prolonged  ventrally  into  a  thin  broad  plate,  the  prooslracum,  while 
behind  it  is  inserted  in  a  calcareous  sheath,  the  guard  or  rostrum.  From 
this,  by  comparisou  with  tbe  fossil  Behsepia  (B),  it  is  seen  tliat  the  cuttle 
bone  as  it  appears  in  commerce  (A)  is  the  anterior  part  ot  the  chambered 
shell,  its  laminae  being  the  partitions,  while  in  the  aiiimal  the  rostrum  and 
siphnncle  are  in  part  retained.  On  the  other  hand,  comparison  with 
the  fossil  Ostraaotaithis  (D)  shows  that  iti  Ommaatrqihea  {S)  we  have  but 
a  remnant  of  the  pbragmocone,  while  the  bulk  of  the  pen  is  proostracam. 
In  Loligo  the  pbragmocone  is  entirely  lacking. 

Tho  month,  situated  in  an  oval  buccal  mass,  lies  between  two 
horny  jaws,  like  the  beak  of  a  parrot 
(fig.  389) ;  then  follows  a  pharynx 
with  a  radula,  and  in  turn  a  long  ' 
cesophaguB,  often  with  a  crop-like  dila- 
tation. The  oesophagns  opens  into  a 
wider  pouch,  the  stomach,  with  which  L 
is  connected  a  blind  sac,  frequently  *'"*'■  3»-J»w»  of  s^pioojneinnJi.. 
coiled.  Here  the  tract  doubles  on  itself  and  goes  straight  to  the 
anna,  or  makes  one  or  two  convolntiotis  in  its  course  (fig.  390). 
One  or  two  salivary  glands  (upper  and  lower,  the  latter  poisonous 
in  Oclopns)  open  into  the  cesophagus,  and  a  pair  of  liver  sacs 
(frequently  fused)  open  by  two  bile  ducts  into  the  gastric  blind 
sac.  These  ducts  may  bear  racemose  glands  called  the  pancreas. 
Lastly,  the  ink  sac  opens  into  the  intestine  near  the  anus.  This 
gland,  which  has  a  duct  of  varying  length,  secretes  in  its  interior 
a  brownish  or  blackish  pigment.  When  alarmed  tho  animal  ejects 
tbia  secretion  and  clouds  the  water  so  that  it  can  escape  unseen. 
This  organ  ia  best  developed  in  Sepia  officinalis,  and  its  secre- 
tion forms  the  basis  of  the  well-known  color,  sepia.  Nautilus 
has  no  ink  sac. 

Just  behind  the  buccal  mass  are  tho  closely  united  chief  gan- 


Pio.  390.— AnBtomy  oF  Otlopui  vulgniii.    n,  nmis:  no,  aorta:  cv,  vena  cava  nitfa  ne- 
_^_,^._. J d.lnteatln.  -■         -    ■'-     ■      ---■- 


■^^S'*,?''' 


Hiid  g&ll  di 


the  liver  Indicated  by  dotted  line;  M,  mantle;  o.  ovary  ;   ._, ,, 

ganitllon  ;  (.buccal  mass  with  eallvary  glands;  d.  BtellaU  ganglion  :  ly.  atoniHili 
and  Bympatnetlc  ganglion  ;  7',  bants  of  ten tac lea  ;  I,  Ink  sac  ;  v.  visceral  gun gliun: 
vfe.  auricle  ol  systemic  beart :  •,  eplral  blind  sac. 

glia  of  the  nervouB   Bjatem  (fig.   391).       A 

single  dorsal   mass  represents  the  cerebral 

ganglia;  connected  with  this  by  broad  oom- 

missnres,    the   pedal   and   visceral   (Wscero- 

*■  pleuro-parietal)    ganglia   lie    close    together 

ventrally.     With   these  parts  are  aesocijitcd 

upper  and  lower  buccal  ganglia.     Tlie  largo 

'"         optic  ganglia,  developed  in  the  optic  nerve 

,p         arising  from  the  cerebrnm,   are  especially 

characteristic  of  the  Cephalopoda,  as  are  the 

^  ganglia  stellata,  right  and  left  at  the  anterior 

Ftu.  B9i.~Nervous  system  edge  of  the   mantle  (fig.  300),  which  owe 

tL^l^e."^abC'h,t'^ioT  tlieir  name  to  the  radiation  of  fibres  to  inner- 

perior'  EuccBl''ganBiionI  ^"■^^  '^^  niuntle.     An  unpaired  sympathetic 

P«<fal"gangfi™*"aK'  'vlsl  ganglion  liea  at  the  junction  of  stomach  and 

SaUnlsir  »''«wha''"'^  blind  sac.    Cerebral,  pedal,  visceral  and  optic 

op.  optic  gaDgiioD.  ganglia  are  enclosed  in  the  cephalic  cartiluge, 
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which  has  the  shape  of  a  ring  witli  wing-like  processes.  The 
otocysts  lie  in  the  ventral  arch  of  the  riog.  Two  pits  opening 
behind  the  eye  are  regarded  as  olfactory,  while  Xatitilus  has, 
beaides  oephradia,  two  pairs  of  ciliated  optic  tentacles. 

Most  noticeable  of  the  circulatory  structures  is  the  presence  of 
two  kindfi  of  hearts  (fig.  390).  The  systemic  heart  consists  of  two 
(four  in  Xautilua)  auricles  receiving  the  blood  from  the  gills,  and 
a  median  ventricle  from  which  arise  anterior  and  posterior  aortie. 
Then  there  la  a  branchial  heart  at  the  base  of  each  ctenidium 
which  receives  the  blood  from  the  vena  cava  and  pumps  it  into  the 
gill.  Of  venae  cava  there  are  an  anterior  unpaired  and  two  pos- 
terior paired  trunks,  the  former  dividing  and  sending  a  branch  to 


Fia.  3GS.— Male  wsnkl  orgkiu  of  SrjOa  offlcfnotfo.  (After  Grobben.)  b,  cmlomlc  uo 
paaalDS  to  the  left  and  above  Into  the  perlcardlam ;  c,  crolomlc  chdbI  to  the 
vaa  deTerent ;  d,  vu  delersna ;  d'  Its  openlDg  to  coelom :  I,  portiotiB  of  coelom  :  n, 
Needbam's  pocket;  n',  Ite  mouth;  p',  p\  prostatee;  t,  lestlH;  V.  Ita  Dpening  to 

each  branchial  heart.  These  tmnks  are  of  importance  in  con- 
nexion with  the  nephridia.  The  nephridial  openings  (p.  386)  lead 
to  two  spacious  sacs  through  which  the  veins  pass  obliquely,  this 
part  of  the  blood  vessels  being  enclosed  by  diverticula  of  the 
lumen,  covered  with  epithelial  excretory  cells.  Near  its  mouth  each 
nephridial  eac  communicates  by  a  nephrostome  with  the  usually 
large  cffilom  (pericardium,  gonads,  etc.). 

In  the  Octopoda  the  ccelom  is  reduced  to  the  gonads  and  narrow 
canals  leading  from  the  nephrostome  to  the  gonads  and  branchial 
hearts,  but  elsewhere  there  is  a  well-developed  system  of  connected  cavi- 
ties (in  NautUui  opening  by  two  pores  into  the  mantle  cavity),  consisting 
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of  the  pericardium  around  the  systemic  and  branchial  hearts  and  the  thin- 
walled  genital  sac,  one  wall  of  which  bears  the  genital  ducts,  while  on  the 
other  the  sexual  cells  arise  or  the  ducts  of  a  separate  sexual  gland  open 
(fig.  892). 

The  gonads  of  the  always  dioecious  Cephalopoda  are  unpaired 
and  lie  far  back  in  the  visceral  sac.  The  ducts  in  the  female 
Octopoda  (rarely  in  the  males)  and  in  some  Decapoda  (Oigopsida) 
are  paired.  In  Nautilus  only  the  right  duct  is  functional  in 
*  either  sex,  although  the  left  is  well  developed.  Elsewhere  there 
is  only  the  left  duct.  The  ovidticts  are  saccular  with  glandular 
walls;  independently  of  them  two  pairs  of  glands  open  to  the 
exterior,  the  accessory  glands  and  the  large  nidamental  glands. 
The  vas  deferens  (fig.  392)  is  more  complicated.  It  has  swellings 
known  as  seminal  vesicle,  prostate,  and  Needham's  sac,  in  which 
the  spermatophores  are  stored.     These  have  si^eh  a  complicated 


Fio.  88B.— Spermatophore  of  Sepia,    (From  Hatschek,  after  MUne  Edwards.)    a,  dis- 
charging apparatus ;  b,  packet  of  spermatozoa ;  c,  envelope. 

structure  and  show  such  motions  when  swollen  with  water  that 
they  were  long  regarded  as  parasitic  worms  (fig.  393). 


Pio.  3D4.— Male  of  Argonnnta  argo.  (After  Mailer,  from  Hatschek.)  J-4,  arms  of  right 
side ;  l-L,  arms  of  left  side ;  5,  hectocotylised  arm,  at  the  left  in  its  sac,  at  the 
right  protruded. 

The  spermatophores  are  conveyed  to  the  female  by  means  of 
more  or  less  modified  (hectocotylised)  arms  of  the  male.  In  a  few 
genera  the  proper  tentacle  becomes  a  *  Hectocotylus '  (fig.  394). 
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It  swells  at  its  baae  to  a  sac  in  which  the  peripheral  end  is  enclosed, 
This  part  contains  a  canal  for  the  spermatophores,  cuts  loose  from 
the  male,  and  can  creep  about  for  days  in  the  mantle  chamber  of 
the  female.  Since  it  appears  as  if  an  independent  animal,  it  was 
first  described  as  u  parasitic  worm  under  the  name  HeeiocotyluB. 
Later  it  was  regarded  as  a  rudimentarj  male  cephalopod. 

The  eggs  are  either  fastened  singly  to  aquatic  plants  or  are  laid  in  large 
gelatinous  masses.  They  are  rioh  in  yolk,  and  in  conseqaenoe  undergo  par- 


Flo.  SBBl— Two  aUBM  ot  the , 


I  atKBe*  of  tbe  Kermlnal  Krea  of  Sepio.    (From  BaUonr.  Kfter  ESIlIker.) 
br,  ct«Dldl» ;  /.  Mphon  folds ;  m,  month ;  ln^  mantle  with  ■&«!■  sUmd ; 


r,  ol«D<dtB ;  h,  ot- 


tial  discaidal  segmentation  (fig.  103).    The  blastoderm,  on  the  end  of  the 
oval  etcg,  forms  the  anlngen  of  the  separate  organs  (eyes,  arms,  siphon,  and 
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shell  gland)  as  flattened  projections  beside  each  other  (fig.  895).  La^er 
the  embryonic  body  becomes  distinct  from  the  jollc,  which,  enclosed  in  a 
cellular  envelope,  remains  attached  to  the  rest,  near  the  mouth,  until  its 
substance  is  absorbed  in  the  growth  of  the  young  and  the  animal  is  ready 
for  batching  (flg.  896). 

The  Ceplialopoda  are  exclusively  marine.  Some  inhabit  rocky  shores, 
others  the  high  sens.  All  are  carnivorous  and  in  turn  are  preyed  upon  by 
fishes,  etc.  Classification  is  based  upon  the  number  ot  gills  and  number 
and  (diaraoter  of  the  arms. 

Order  I.  Tetrabranchia. 
With  four  gills,  four  auricles,  and  four  nephridia^  numerous  tentacles 
without  suckers,  a  well-developed  chtimbered  sheli,  siphon  of  two  Bepamte 
parapodia,  and  simple  eyes  (Ag.  384).  Only  four  living  species  knowa,  all 
belonging  to  the  genus  Nautilus.  The  aaimals,  which  live  in  the  Halay- 
aian  regions,  are  rare,  but  their  shells  are  abundantly  cast  up  by  the  sea. 
In  past  time  the  tetrabranchs  were  very  abundant.  The  Nautilid^, 
with  straight  {Orthocera-i)  or  coiled  shells  {Ooniatites,  etc.)  flourished  iu 
paleozoic  times.  They  had  simple  septa.  The  Ahmonitid^  with  folded 
septa  were  lai^ly  mesosoic.  Since  no  living  forms  exist,  their  pertinence 
to  the  tetrabranchiates  is  assumed  from  the  character  of  the  shell. 

Ordtf  II.  JhbraiicUa, 
With  two  nepbridia,  two  gills,  and  two  auricles;  eight  or  ten  arms 
with  suckers ;  highly  organized  eyes ;  shell  rudimentary  or  abseiiL 


Fid.  aer.— Odopu*  biKrdli.*   (From  V«rrllL)   A  hactocotrlleed  arm  on  the  rishtside. 

Sub  Order  T.  DECAPODA.  Ten  arms,  with  lateral  fins  to  the  body. 
Shell  usually  present.  Spiruud^,  with  internal  chambered  looee-coiled 
shell.   Spiruia {dg. 887).  Oioofsida, pelagic,  with  perforatedcomea(p.  3S5) 
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and  two  oviducts.  Ommastrephea  commou  in  New  England ;  ^rcftt- 
teHfA(>,*  tho  giant  squid  (p.  884).  Utopsida.  Oviduct  siiigledeft) ;  cornea 
unperforated.  Zoiipo,*  comraon  squid  ;  Rossia';  Sepia,  cuttle  flab,  fur- 
nishing the  'cattle  bone'  once  used  in  medicine,  now  fed  to  cage  birds, 
and  the  pigment  aepia. 

Sub  Order  II.  OCTOPODA.    Eight  arms  webbed  at  their  base;  shell 
very  rudimentary,  sometimes  fragmentary  or  wanting ;  oviducts  paired, 


TiO.  3tS.—Argonaul<i  arffo.  paper  sailor,  (emale.    (After  Rfmer  Jodm.) 

OcTOPODLD*,  Octopus*  (fig.  867),  Alhponta.*  AROONdtrriD^  female  with 
boat-like  shell  (6g.  SSS),  males  much  smaller  and  without  shell.  Argonaula 
argo,  paper  nantiluB.  In  the  Argonautidte  and  Peiilonbzu)^  the  heoto- 
Gotylus  separates  of  itself. 


f  of  Important  Pacts. 

1.  The  MOLLTJSCA  are  parenchjmatoas  animals  with  re- 
daced  cffilom.     They  consist  of  head,  visceral  sac,  mantle,  and  foot. 

2.  The  head  bears  eyes  and  tentacles. 

3.  The  foot  is  an  unpaired  muscular  mass  used  in  locomotion. 

4.  The  mantle  bounds  the  mantle  cavity  which  is  connected 
ivith  respiration;  it  either  functions  as  a  lung  or  covers  the  gills 
(ctenidia).     It  secretes  the  shell  from  its  outer  sur&ce. 

5.  Foot,  head,  mantle,  and  with  the  latter  the  shell,  may  be 
lost  in  many  groups. 

6.  The  molluflca,  without  exception,  agree  in  the  nerroas 
system. 
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7.  Three  pairs  of  ganglia  with  which  three  pairs  of  sense 
organs  are  connected  almost  always  occur:  a,  cerebral  ganglia 
and  eyes;  by  pedal  ganglia  and  otocysts;  c,  visceral  ganglia  and 
osphradia  (olfactory). 

8.  The  heart  is  dorsal  and  arterial;  it  is  enclosed  in  a  peri- 
cardinm  (reduced  coelom)  which  connects  with  the  nephridia  by 
nephrostomes. 

9.  There  is  always  a  single  ventricle  and^  according  to  the 
number  of  respiratory  organs,  one,  two,  or  four  auricles. 

10.  The  alimentary  canal  is  well  developed;  the  liver  large; 
salivary  glands  usually  present.  In  most  there  is  a  pharynx  or 
buccal  mass  with  radula  and  jaws. 

11.  A  veliger  stage  is  common  in  development. 

12.  The  MoUusca  are  divided  according  to  the  respiratory  organs 
and  appendages  of  the  body  into  five  classes:  (1)  Amphineura;  (2) 
Acephala;  (3)  Scaphopoda;  (4)  Oasteropoda;  (5)  Cephalopoda. 

13.  The  Amphineura  have  an  extremely  simple  nervous  sys- 
tem in  which  the  three  pairs  of  typical  ganglia  are  replaced  by 
nerve  tracts. 

14.  The  Acephala,  or  Lamellibranchia,  lack  head  and  ceph- 
alic appendages. 

15.  They  are  bilaterally  symmetrical  and  have  paired  organs: 
mantle  folds,  bivalve  shell,  nephridia,  and  gonads. 

16.  In  many  Acephala  (Asiphonia)  the  mantle  folds  are  com- 
pletely separated  ventrally. 

It.  In  the  Siphonata  the  lower  edges  of  the  mantle  are  united, 
leaving  three  openings:  (1)  in  front  for  the  foot;  (2)  behind  and 
below,  the  branchial  siphon  for  the  ingress  of  water  and  nourish- 
ment; (3)  behind  and  above,  the  anal  or  excurrent  siphon  for  the 
water  used  by  the  gills  and  the  faeces. 

18.  There  are  two  pairs  of  gills,  which  may  be  comb-like  (true 
ctenidia),  filiform,  or  most  commonly  lamellar. 

19.  Correspondingly  the  heart  has  two  auricles;  the  unpaired 
ventricle  is  usually  traversed  by  the  rectum. 

20.  The  foot  is  a  compressed  muscular  mass  frequently  pro- 
vided with  a  byssus  gland. 

21.  The  shell  consists  of  cuticular,  prismatic  layer  and  nacreous 
layer.  It  is  closed  by  two  adductors  and  opened  by  an  elastic 
ligament. 

22.  Some  Acephals  {Protoconcha)  are  very  primitive  in  their 
gill  and  hinge  structure;  others  (Heteroconcha)  are  more  highly 
developed. 
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23.  The  ScAPHOPODA  are  primitive  forms  with  tubular  shells. 

24.  The  Gasteropoda  (Cephalophora,  or  snails)  have  a  distinct 
liead  bearing  eyes  and  tentacles;  a  creeping  foot,  an  unpaired 
mantle  (occasionally  absent),  and  a  univalve  shell. 

25.  The  mantle  cavity  contains  one  or  less  frequently  two 
ctenidia,  or  these  may  be  degenerate  and  a  lung  may  occur. 

26.  Nephridia  and  auricles  are  rarely  paired  (with  paired  gills) ; 
the  gonads^  always  unpaired,  are  hermaphroditic  or  dicecious. 

27.  The  shell  is  always  unpaired;  it  is  usually  coiled  in  a  (right- 
hand)  spiral,  and  is  frequently  closed  with  an  operculum. 

28.  According  to  characters  derived  from  nervous  system, 
sexual  organs,  heart,  and  respiratory  organs  the  Oasteropods  are 
divided  into  (1)  Prosobranchia;  (2)  Opisthobranchia;  and  (3) 
Pulmonata. 

29.  The  Opisthobranchia  are  hermaphroditic;  orthoneurous; 
have  gills  of  various  kinds  (or  none),  and  have  the  auricle  always 
behind  the  ventricle;  shell  and  mantle  reduced  or  absent. 

30.  The  Pteropoda  are  pelagic  Opisthobranchs  with  wing- 
like processes  of  the  foot  and  frequently  reduced  shell  or  none. 

31.  The  Prosobranchia  have  the  gills  (ctenidia — occasionally 
paired)  far  in  -front,  and  in  consequence  the  auricle  in  front  of 
the  yentride;  they  are  streptoneurous  and  dioecious;  the  mantle 
and  shell  well  developed. 

32.  The  Heteropoda  are  pelagic  Prosobranchia  with  foot 
divided  into  fin  and  tail,  shell  rudimentary,  or  naked. 

33.  The  Pulmonata  are  in  some  respects  (orthoneurous  and 
hermaphroditic)  Opisthobranch-like;  in  other  respects — ^as  in  posi- 
tion of  heart,  development  of  shell  and  mantle — like  the  Proso- 
branchs;  the  mantle  cavity  functions  as  a  lung. 

34.  The  CEPHALOPODAJiave  no  true  foot;  but  its  homologues 
are  to  found  in  the  siphon  and  in  the  tentacles,  usually  provided 
with  suckers,  on  the  head;  they  have  an  unpaired  mantle  and  a 
single  shell  or  none. 

35.  The  unpaired  mantle  cavity  contains  one  or  two  pairs  of 
ctenidia.  The  water  is  forced  from  the  mantle  cavity  through 
the  siphon. 

36.  The  number  of  auricles  corresponds  with  the  number  of 
ctenidia;  besides  the  systemic  heart  there  are  one  or  two  pairs  of 
branchial  hearts,  elsewhere  unknown  in  molluscs. 

37.  The  sexes  are  separate. 

38.  The  ink  sac  is  peculiar  to  Cephalopoda. 

39.  The  eye  is  (usually)  highly  developed  (with  retina,  choroid. 
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iris,  cornea,  vitreous  body,  and  lens),  as  is  the  nervous  system, 
which  has,  in  addition  to  the  usual  centres,  optic,  sympathetic, 
and  stellate  ganglia. 

40.  The  eggs  have  a  discoidal  segmentation. 

41.  The  Cephalopoda  are  divided  into  Tetrabranchia  and 
Dibranchia. 

42.  The  Tetrabranchia  (extinct  save  for  Nautilus)  have  four 
gills,  a  chambered  shell,  primitive  eyes,  and  finger-like  cephalic 
lobes  in  place  of  tentacles. 

43.  The  Dibranchia  have  two  gills,  eight  or  ten  tentacles  with 
suckers,  and  the  shell  is  reduced  or  absent. 

PHYLUM  VII.  ARTHROPOD  A. 

Under  the  term  Arthropoda  are  included  the  spiders,  crabs, 
insects,  and  myriapods,  which,  together  with  the  annelids,  were 
united  by  Cuvier  to  form  his  sub-kingdom  Articulata.  Annelids 
and  arthropods  agree  in  many  features.  They  are,  as  the  term 
articulates  implies,  segmented  animals,  and  they  differ  from  the 
vertebrates,  which  are  also  segmented,  in  the  extension  of  the  seg- 
mentation, the  ringing  of  the  body,  to  the  external  surface.  The 
boundaries  between  the  successive  segments,  which  cannot  be  rec- 
ognized in  the  skin  of  the  fish  or  other  vertebrate,  are  marked  in 
the  articulates  by  a  constriction  of  the  body  wall,  whence  the  old 
names  evTo/ia,  Insecta,  applied  to  these  forms.  The  articulates 
are  further  characterized  by  a  ladder-like  nervous  system  in  which 
the  brain,  present  in  most  invertebrates,  is  supplemented  by  a 
ventral  chain  composed  of  ganglia  metamerically  arranged.  The 
most  evident  distinctions  between  the  annelids  and  the  arthropods 
are  (1)  the  character  of  the  segmentation  and  (2)  the  presence  of 
jointed  appendages. 

In  superficial  appearance  the  lines  between  the  segments  are 
constricted  more  deeply  in  the  arthropods  than  in  the  annelids. 
The  cause  of  this  lies  in  the  character  of  the  integument  (fig.  25,/), 
which  is  developed  as  a  hard  armor,  in  which  two  layers  are  rec- 
ognizable, the  epidermis  (often  called  hypodermis)  and  the  chitin- 
ous  layer.  The  epidermis  is  a  thin  cubical  or  pavement  epithelium, 
while  the  chitinous  layer  is  of  greater  thickness  and,  since  it  is 
secreted  by  the  epidermis,  is  stratified  parallel  to  the  surface.  Its 
firmness  is  due  to  the  chitin,  which  is  unlike  most  organic  substances 
in  its  resistance  to  acids  and  alkalis;  only  under  the  action  of 
sulphuric  acid  and  heat  is  it  broken  up  into  sugar  and  ammonia. 
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A  firm  chitinous  armor  would  render  the  animal  incapable  of 
motion  were  there  not  joints  between  the  parts.  While  the  seg- 
ments themselves  are  heavily  armored,  the 
cuticle  between  them  is  reduced  to  a  delicate 
articular  skin,  and  this  is  so  protected  by  a 
kind  of  telescoping  of  the  segments  that 
injury  in  these  softer  regions  is  nearly  im- 
possible (fig.  399). 

Since  the  ringing  of  the  body  is  connected  with 
this  armoring,  it  disappears  with  the  need  for 
such  protection.  The  hermit  crabs  (fig.  480)  are 
instructive  illustrations  of  this.  These  animals  live  Fio.  389.— Diagwim  of  Ap- 
with  the  abdomen  inserted  in  a  snail  shell.  That  exjSSded?  V"1n  con^ 
part  of  the  body  which  projects  from  the  shell  is  JJS^i^tfth'toUS'eiti^ 
armored,  while  the  alKlomen  is  soft-skiuned  and     membranes,  the  mus- 

.^,       .    .  -       .  ...  cles  indicated  by  dotted 

Without  traces  of  external  ringing.  lines.  (After  Oraber.) 

The  hardened  cuticula  causes  the  periodic  molting  (ecdysis  or  exuvia- 
tion). When  once  hardened  it  is  incapable  of  distension  and  so  would 
prevent  farther  growth.  Hence  when  the  body  has  completely  filled  the 
armor,  the  latter  splits  in  definite  places  and  the  animal  crawls  out  of  the 
old  '  skin '  (exuvia)  and  rapidly  increases  in  size  while  the  new  cuticula  is 
yet  soft  and  extensible. 

Another  result  of  the  cuticula  is  seen  in  the  peculiar  relations  of  both 
ordinary  and  sense  hairs.  These  are  cuticular  structures,  each  usually 
secreted  by  a  single  epidermal  cell  and  renewed  after  each  molt.  Each 
hair  has  a  ball-like  head  situate  in  a  socket  in  the  surrounding  chitin,  and 
hence  is  movable  ;  it  is  traversed  by  a  canal  in  which  is  a  process  of  the 
underlying  matrix  cell.  In  the  case  of  sensory  hairs  these  structures  are 
connected  with  a  nerve  (fig.  77).  The  sense  cell,  like  a  bipolar  ganglion 
cell,  has  two  processes ;  one  peripheral,  which  enters  the  axis  of  the  hair, 
the  other  central,  which  runs  as  a  nerve  fibre  to  the  central  nervous  sys- 
tem. The  cell  itself  may  be  in  the  epithelium  or  situated  deeper  and 
interpolated  as  a  ganglion  cell  in  the  sensory  nerve. 

Another  important  character  is  the  heteronomous  segmentation, 
which,  in  the  lowest  forms  {Peripatus  and  Myriapods),  is  little 
pronounced,  but  elsewhere  leads  to  a  marked  inequality  of  the 
divisions  of  the  body  and  to  a  greater  centralization  of  structure. 
Different  body  regions  may  be  distinguished.  A  few  segments  at 
the  anterior  end  always  fuse  and  form  a  head  (fig.  400,  C) ;  behind 
this  there  is  usually  a  second  segment  complex,  the  thorax  (7^,  and 
then  a  third,  the  abdomen  {A).  An  apparent  reduction  of  regions 
can  occur  when  the  head  and  thorax  unite  (fig.  401,  Ct)  to  form 
a  cephalothorax;  or  again  the  number  of  regions  may  be  increased 
(fig.  402)  by  a  division  of  the  abdomen  into  abdomen  proper  {A) 
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and  post-abdomen  (P).  Finally,  in  many  arthropods  {B.g.y  the 
mites  or  acarina,  fig.  403)  it  is  impossible  to  recognize  regions  or 
somites  because  internal  fusion  of  parts  has  obliterated  the  exter- 
nal evidences  of  segmentation. 

In  order  clearly  to  understand  what  is  meant  by  head,  thorax, 
etc.,  requires  a  consideration  of  the  second  character  distinguish- 
ing the  arthropods  from  the  annelids,  the  jointed  appendages, 
which  give  the  name  to  the  former  group.  The  arthropodan 
appendages  are  highly  developed  parapodia,  differing  in  being 
jointed  to  the  body,  in  consisting  of  a  series  of  joints  themselves, 
and  in  having  their  intrinsic  musculature.  As  was  first  pointed 
out  by  Savigny,  there  is  but  a  pair  of  appendages  to  a  somite,  and 
this  belongs  to  the  ventral  surface.  Hence  it  follows  (Savigny's 
law)  that  if  any  region  shows  no  external  signs  of  segmentation,  but 
bears  more  than  one  pair  of  appendages,  we  conclude  that  the 
region  is  a  complex  of  at  least  as  many  somites  as  there  are  pairs 
of  appendages.  Thus  the  unsegmented  head  of  an  insect  consists 
of  four  somites,  the  cephalothorax  of  a  lobster  of  thirteen,  for  the 
one  bears  four,  the  other  thirteen,  pairs  of  appendages.  Ontogeny 
supports  this,  for  in  the  embryo  the  somites  are  clearly  visible.  **" 
It  is  not  necessary  that  each  somite  in  the  adult  should  bear  ap- 
pendages, since  these  may  disappear  in  growth  without  leaving 
a  trace. 

The  appendages  subserve  many  functions  (fig.  404).  Their 
primary  purpose  is  locomotion.  Locomotor  appendages  {pereio- 
poda,  feet  or  legs)  are  long  and  consist  of  a  number  of  well-de- 
veloped joints  which  may  form  flattened  oars  or  may  be  provided 
with  claws  for  creeping  (8).  Besides  locomotor  appendages  there 
are  tactile  appendages  or  antennsB  (i),  chewing  appendages  (jaws, 
mandibles,  maxillae,  ^4)^  false  feet  or  pleopoda  (9)  of  varying 
functions,  and  forms — maxillipeds  (^-7) — ^transitional  between  jaws 
and  legs. 

Aside  from  their  tactile  function,  antennas  are  characterized 
by  position  and  innervation.  They  are  always  placed  in  front 
of  the  mouth  and  receive  their  nerve  supply  from  the  supra- 
cesophageal  ganglion,  while  all  other  appendages  are  innervated 
from  the  ventral  chain. 

The  form  of  the  jaws  is  strikingly  modified.  One  or  two 
basal  joints  serve  for  the  comminution  of  food,  and  these  parts 

*  This  statement  is  not  exactly  oprrect,  for  in  certain  insects  and  in  the 
lobster  there  is  one  somite  which  is  entirely  lost  in  the  adult. 
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are  strong  and  are  covered  especially  ou  the  medial  side  with  a  hard, 

toothed  chitin  (figs.  404,  2\  410,  //,   T; 

^N^    2     in      ll"]?        507).      The   other   joints   may  entirely 

V— >J"  w3      W!i       disappear.     When  they  persist  they  form 

a  more  or  less  leg-like  appendage,  the 
palpus.  Since  several  appendages  may 
be  modified  into  jaws,  the  first  are  called 
mandibles,  the  next  maxillsB,  and  second 
maxillsB  may  follow.  The  maxillipeds 
may  have  more  the  appearance  of  jaws, 
at  other  times  are  more  leg-like  (fig.  404, 
5-7). 

The  false  feet  (pleopoda)  are  small 
and  inconspicuous  appendages  which  may 
have  various  functions:  they  may  serve 
as  gills  or  supports  for  the  gills,  as  places 
for  the  attachment  of  eggs,  as  organs  for 
the  transfer  of  sperm,  or  as  swimming  or 
creeping  organs. 

These  appendages  have  constant  po- 

no."404.-Appendage8  of  the  si^o^s  in  the  body.  First  on  the  head 
mandfbie-^'5"t*flret^anS  come  the  antennae  and  then,  in  the  region 
Becondmaxuia;5,e,7.inaxii-  of  \^q  mouth,  the  jaws  and,  so  far   as 

lipeds:   8,  walking   leg;    9,  ^  j  7 

pieopod.  they  are  present,  the  maxillipeds.     Third 

come  the  true  feet,  and  lastly,  when  they  exist,  the  false  feet. 
Those  somites  which  bear  antennae  or  jaws  belong  to  the  head,  those 
bearing  walking  feet  to  the  thorax,  while  the  somites  of  the  abdo- 
men bear  either  false  feet  or  lack  appendages.  As  a  sequence  the 
cephalothorax  is  that  region  of  the  body  which  bears,  besides  an- 
tennae and  jaws,  legs  as  well. 

The  extremities  of  Arthropoda  have  given  rise  to  various  disputes. 
Many  zoologists  speak  of  a  pre-antennal  somite  and  a  pre-antennal  ap- 
pendage, referring  to  the  eye  stalk  of  a  part  of  the  Crustacea,  wbicb,  how- 
ever, differs  markedly  in  its  development  from  the  true  appendages. 
Those  who  accept  an  ocular  somite  must  add  one  to  the  number  of  somites 
as  stated  in  this  volume.  A  second  theory  regards  the  antennae  as  ventral 
appendages  innervated  from  the  ventral  chain  which  secondarily  become 
dorsal  and  receive  their  nerves  from  the  brain.  This  view  is  firmly 
grounded  for  the  second  antennae  of  the  Crustacea.  Other  questions  are 
aE  to  the  possible  loss  of  segments  and  appendages. 

The  concentration  or  fusion  of  somites  to  body  regions  lias  had 
an  influence  upon  the  internal  structure  and  especially  upon  the 
nervous  system  (fig.  405).     A  ladder-like  nervouA  system  consists. 
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as  was  pointed  out  (p.  134),  of  n  dorsal  brain  (siipraoiBophageal 
ganglia)  and  a  ventral  chain  of  ganglia,  all  connected  by  longi- 
tudinal nerve  cords,  the  brain  being  connected  with  the  rest  by 
cords  or  commissures  passing  on  either  side  of  tlie  oesophagus. 
The  ventral  chain  should  contain  as  many  pairs  of  ganglia  as  there 
are  somites,  but  this  is  not  the  cose  except  in  the  embryo.  The 
tendency  is  rather  towards  a  fusion  of  ganglia,  especially  of  those 
BOEiites  which  unite  or  fuse.     This  fusion  of  ganglia  occurs  to  a 


?W     \ 


Tut.  MB.- Different  desrees  nf  concentratlan  of  the  ventral  cord  at  Artfaropoda. 
(From  OeRenbaar.)  jl.Temilte  (sft«r  Lesp^sl  -,  B.w&taT  beetle  (a.ttei  BlAnobard); 
C,  Br  l«««r  BlMchardl;  D,  Tholypbonld  jitter  Blanchard),  o,  (.bdomsn  ;  s\  o", 
gwiglla  of  ventral  cord ;  al,  iDtnuBBopboKeal  ganglion ;  oi,  BapnuBBoptugeal 
■Kngllon  1  o,  eye ;  p'-p",  waUlng  feet :  li\  Inng  books ;  i,  chellcero  :  t,  pedlpalpiu. 

varying  extent  in  different  species,  the  extreme  being  reached  in 
the  spiders  and  crabs  (fig.  441),  where  the  whole  ventral  chain 
forms  a  large  ganglionic  mass.  In  all  cases,  however,  the  braiu 
remains  distinct  from  the  rest,  its  position  dorsal  to  the  oesophagus 
precluding  its  fusion  with  the  ventral  chain. 

Of  the  sense  organs  the  best  known  are  the  eyes,  of  which  two 
types  are  recognized,  the  simple  (ocellus,  stemma)  and  the  com- 
ponnd  (faceted).  The  ocelli  are  very  small.  In  their  highest 
development,  as  in  spiders  (fig,  406),  they  are  composed  of  lens, 
vitreous  body,  and  retina.  The  lens  is  formed  by  the  cuticula,  the 
rest  from  the  epldermia.  The  lens  differs  from  the  rest  of  the 
cuticle  in  being  transparent,  and  is  usually  thickened  to  a  biconcave 
body  (/)  which  converges  the  light  upon  the  retina.  Behind  the 
lens  comes  a  layer  of  transparent  cells,  the  vitreous  body  {S),  and 
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behind  thi?,  in  turn,  the  retina,  consietitig  of  cells  which,  at  the 
one  end,  bear  '  roda '  (^  and  7),  at  the  other  pass  into  nerve  fibres. 
The  retina  and  Titreona  body,  aurronnded  by  pigment,  form  a 


V  (•<>  and  posterior  (B)  eres  o(  Bptira 

J ,     r  eye  aliowa  the  InYortod  rotln»:  I, 

leiu:  I,  TltreouB  body  :  i,  epldenuiB,  ouUlde  thu,  ohltlnons  layer ;  U,  rhabdomea  i 
t,  retinal  cells ;  i,  aapsale  of  el's ;  ?,  rhabdomea  at  liiTertad  eye. 

spherical  thickening  sharply  marked  off  from  the  rest  of  the  epi- 
thelium. Theae  eyea,  like  those  of  Tertebrates,  must  form  inverted 
images. 

In  many  spider  eyes  there  is  an  iDveraion  recalling  thai  of  the  Terte- 
bratea  (fig.  404,  B),  the  rhabdome  lying  behind  the  nuclear  portion  of  the 
cell.  Behind  the  rfaabdomes  comes  a  layer  of  strongly  iridescent  oeUa,  the 
tapetum  lucidum. 


jiHatschek.)   Showtot  Uia 

lO  them  three  ocelli. 

The  compound  eyes  are  much  larger.     They  owe  their  name 

'faceted  eyes'  to  the  fact  that  the  cuticle  over  them  ia  divided 

into  polygonal  (usually  hexagonal)  areas  or  facets  (fig.  407).     Each 
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facet  corresponds  to  a  small  chitinonB  lone  (the  nnmber  of  which 
Tsries,  in  different  epeciee,  between  a  dozen  and  several  thousand), 


1  as  4  s 

Tia.  408-— Section  of  oomponnd  eye  of  Fljrfiaiia.  (After  CurlAre,  troa  HBtaobak,> 
I.  cutlcalK,  prodaclng  the  cornea  of  man;  lenses  over  the  e^e:  (,  epidermis, 
wbicb  In  the  ere  (arms  the  ommatldia;  s,  bAsal  membrBne;  U.  reentrant  chltln- 
onH  fold  <' sclerotic^);  6^  mdlmentary  lural  eye. 

and  bounds  the  eye  externally,  whence  this  layer  is  called  the 
cornea  (&g.  408).  The  part  of  the  eye  be- 
neath the  comeA  consists  of  radially  arranged 
prismatic  parts  or  ommatidia  which  corre- 
spond in  number  and  position  to  the  facets, 
their  broader  ends  being  placed  beneath  the 
facets,  their  narrower  internal  ends  con- 
necting with  fibres  of  the  optic  nerve  which 
go  to  the  brain.  Each  ommatidinm  (fig. 
409)  has  essentially  the  structure  of  an 
ocelluB :  (1)  the  lens  (/)  with  ita  epi- 
thelium; (2)  the  vitreoQS  body  {kz);  (3)  the 
relinula  (ri).  The  vitreous  body  is  usnally 
composed  of  four  cells  which  in  the  so-called 
cQconons  eyes  surround  a  transparent  body, 
the  crystalline  cono  {h),  secreted  by  these  cells. 
The  retinnlar  cells  are  almost  always  seven  in 
number,  each  bearing  on  its  inner  surface  a 
rhabdome  (r),  the  seven  rhabdomes  frequently 
fusing  into  a  common  mass.  Each  omma-  Fia.  ue.— a  smsie  om- 
tidium  is  surrounded  by  a  pigment  sheath,  uonf)  of  a  coTnpound 
isolating  it  optically  from  its  fallows.  coile:  kt\  conVceiis:"" 

.     From  this  it  appears  that  the  compound     l?''rhlMom™?*.-r'rfr 
eye  may  be  regarded  as  a  complex  of  ocelli.      «'"""i""'i- 
This  anatomical  conception  must  not,  however,  obscure  the  physio- 
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logical.  Ab  Johannes  MuUer  first  pointed  out,  the  whole  compound 
eye  forms  but  a  single  erect  picture  composed  of  separate  images 
of  small  area  formed  by  the  separate  ommatidia.  This  ^  mosaic 
theory' has  completely  replaced  the  view  that  each  ommatidium 
formed  a  complete  inverted  picture. 

While  the  number  of  ocelli  varies,  the  compound  eyes  are  almost 
always  two  in  number.  Where,  apparently,  as  Id  the  Daphnid^e, 
there  is  but  one,  there  is  in  reality  a  fusion.  There  is  also  con- 
stantly present  a  large  optic  ganglion  where  the  optic  nerve  enters, 
but  lying  outside  the  eye  itself. 

The  tactile  organs,  consisting  of  tactile  hairs  (fig.  77),  are  uni- 
form in  structure.  On  the  other  liand  the  senses  of  hearing,  taste, 
iind  smell  are  subserved  by  varying  organs.  It  is  to  be  regretted 
that  we  know  but  little  of  these  senses  in  arthropods,  although 
beyond  question  they  are  frequently  well  developed.  The  sense  of 
smell  resides  chiefly  in  the  antennsB  and  in  the  palpi  of  the  jaws. 
The  organs  are  olfactory  cones  (modified  hairs)  which  frequently 
lie  in  pits  in  the  skin.  Similar  organs  in  the  mouth  are  probably 
conuected  with  taste.  As  organs  of  hearing  (?  equilibration)  besides 
the  otocysts  of  the  Podophthalmata  and  the  tympanal  organs  of 
the  Orthoptera,  the  widely  distributed  '  chordotonal '  nerve  ends 
of  insects  are  to  be  mentioned. 

Concerning  the  alimentary  canal  it  need  only  be  said  that  the 
larger  proportion  of  it  is  formed  of  ectodermal  stomodeum  and 
proctodeum,  while  the  entodermal  portion  (mesenteron)  forms  on 
an  average  but  one  third  of  the  total  length.  At  ecdysis  the  chitin- 
ous  lining  of  these  parts,  including  the  large  chewing  stomach,  is 
cast  with  the  rest  of  the  integument.  The  entire  absence  of  cili- 
ated epithelium  is  noteworthy.  Ciliated  cells  have  never  been 
found  in  arthropods. 

The  most  constant  portion  of  the  circulatory  system  is  the  heart, 
which  usually  lies  immediately  beneath  the  back  and  is  enclosed 
in  a  more  or  less  distinct  sac  which,  although  called  pericardium, 
is  not  a  part  of  the  coelom.  From  the  pericardium  blood  passes 
into  the  heart  by  openings  right  and  left,  the  ostia.  Since  the 
margins  of  the  ostia  project  far  into  the  lumen  of  the  heart  and  so 
form  folds  functioning  as  valves,  the  heart  itself  may  be  divided 
into  a  series  of  chambers,  especially  distinctly  separated  from  each 
other  by  the  progressive  contraction  of  the  wall  (fig.  66).  The 
chambers  disappear  when,  with  reduction  of  the  body,  the  heart 
shrinks  to  a  sac.  In  small  arthropods  the  heart  together  with 
the  whole  vascular  system  may  be  lost.     Since  the  Annelida  have 


ARTHKOPODA.  407 

a  well-developed  circulatory  system,  this  loss  in  these  animals 
must  be  regarded  as  secondary  rather  than  as  primitive,  and  is 
explained  by  the  fact  that  with  reduction  in  size  the  organization 
is  simplified. 

The  blood  may  pass  from  the  large  arteries  either  directly  into 
the  large  blood  sinuses  of  the  body,  erroneously  called  the  body 
cayity,  or  by  a  more  complicated  course  through  capillaries  and 
veins  as  well  as  through  the  respiratory  organs.  There  is,  on  this 
account,  the  greatest  difference  in  the  development  of  the  vascular 
system,  but  even  in  the  highest  forms  the  system  is  not  entirely 
closed,  the  blood  passing  to  the  sinuses  of  the  body  (hsBmocoele, 
p,  110)  and  thence  to  the  pericardium  (probably  arising  from  the 
coalescence  of  veins  and  certainly  not  coelomic),  from  which  it  is 
sucked  through  the  ostia  into  the  heart. 

The  variations  in  the  circulation  depend  upon  the  modifica- 
tions of  the  respiratory  organs,  which  can  be  described  adequately 
only  in  connexion  with  the  various  groups.  In  general  it  can 
only  be  said  that  the  more  respiration  is  localized  in  regions  and 
organs  the  more  nearly  complete  is  the  circulation,  while  with 
respiration  diffused  over  or  through  the  whole  body,  the  vascular 
system,  including  even  the  heart,  may  be  reduced. 

The  various  spaces  in  the  body  are  frequently  encroached  upon 
by  9k  fat  body,  a  kind  of  connective  tissue  whose  cells,  richly  laden 
with  fat,  serve  as  a  store  of  nourishment  for  the  animal.  Besides, 
urinary  products,  like  uric  acid,  have  been  found  in  it,  leading  to 
the  conclusion  that  the  fat  body  acts  as  a  reservoir  for  excretory 
substances  before  their  elimination  by  the  excretory  organs.  These 
latter  vary  greatly  in  the  different  groups:  true  nephridia  in  Peri- 
patusy  shell  glands  and  antennal  (green)  glands  in  the  Crustacea, 
and  tubules  (Malpighian  tubules)  connected  with  the  intestine  in 
arachnids  and  insects. 

The  sexual  organs,  which  empty  through  ducts  which  are 
apparently  modified  nephridia,  are  only  rarely  hermaphroditic. 
In  the  bisexual  species  one  can  usually  distinguish  males  and 
females  by  external  characters,  such  as  coloration,  size  or  form  of 
appendages,  especially  those  used  in  copulation.  The  eggs  are 
usually  large  and  rich  in  yolk,  and  consequently  but  rarely  undergo 
total  segmentation.  In  most  eggs  occurs  that  type  of  partial 
segmentation  called  superficial  (fig.  104).  While  the  surface  of 
the  egg  divides  into  the  cells  which  form  the  blastoderm,  the 
central  yolk  long  remains  undivided— a  condition  of  systematic 
interest  since  it  is  not  known  to  occur  outside  the  Arthropoda. 
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The  cases  of  discoidal  and  unequal  segmentation  are  apparently 
derived  from  the  superficial. 

In  accordance  with  their  high  organization,  reproduction  by 
fission  or  budding  never  occurs,  but  parthenogenesis  and  p^dogen- 
esis  do.  In  some  parthenogenesis  has  a  certain  relationship  to 
the  life  history.  In  loWer  Crustacea  and  in  Aphides  (plant  lice) 
it  allows  the  species  to  spread  rapidly  in  large  numbers  over  suit- 
able feeding  grounds.  Among  the  bees  parthenogenesis  has  a 
relation  to  the  sexes,  since  males  are  only  produced  from  unfer- 
tilized eggs.  Along  with  parthenogenesis — there  may  be  rare  ex- 
ceptions— sexual  reproduction  occurs,  so  that  not  rarely  asexual 
alternates  with  sexual  generation  (heterogony),  though  not  in  such 
a  pronounced  manner  as  in  the  worms. 

The  French  entomologist  Latreille  divided  the  Arthropods  into  four 
classes:  Crustacea,  Myriapoda,  Arachiiida,  and  Insecta.  Later  the  dis- 
covery, by  Moseley,  that  Peripatus  possesses  tracheae  led  to  the  creation  of 
anew  class,  Protracheata,  and  the  grouping  of  all  arthropods  into  branchi- 
ate and  tracheate  divisions,  the  branch iates  including  the  crustaoea  alone. 
Later  researches  have  shown  that  these  divisions  are  not  natural  and  that 
trachesB  have  had  different  origins,  the  spiders  being  nearer  to  the  crus* 
tacea  than  to  the  insects,  and  that  Crustacea  and  insecta  have  come  frooEi 
the  annelids  through  different  lines.  Similarly  the  myriapods  have  been 
divided,  one  group,  the  chilopods,  being  closely  related  to  the  true  insects^ 
the  other  (diplopods)  being  very  uncertain  in  position. 

Class  I.  Crustacea. 

The  Crustacea  owe  their  name  to  the  fact  that  their  chitinous 
cuticle  is  usually  rendered  hard  and  firm  by  deposits  of  carbonate 
and  phosphate  of  lime  and,  in  contrast  to  that  of  other  arthropods, 
has  lost  much  of  its  elasticity  and  has  become  '  crusty.^  Another 
important  characteristic  is  the  habitat  of  the  group;  the  Crustacea 
are  typically  aquatic  and  hence  breathe  by  means  of  gills.  This 
branchial  respiration  persists,  as  in  the  case  of  crayfish,  when  the 
animals  are  taken  from  the  water,  for  they  retain  water  in  the  gill 
chamber  and  hence  for  a  long  time  the  gills  are  wet  by  this  fluid. 
There  are  but  few  exceptions  to  this  rule,  as  some  land  crabs  and 
the  sow  bugs;  these  breathe  air,  either  by  means  of  the  gills  or  by 
special  structures  in  the  gill  chamber  to  be  mentioned  later. 

The  branchiaB  or  gills  are  always  placed  where  a  rapid  exchange 
of  water  is  possible.  The  appendages  afford  such  a  position,  and 
hence  one  finds  the  gills  as  thin-skinned  vascular  plumes  or  plates 
(figs.  61,  437)  either  on  the  appendages  or  on  the  body  near  by, 
or  the  whole  appendage  may  take  a  leaf -like,  thin-skinned  shape 
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and  thuB  serve  aa  a  gill  (figs.  411,  461).  fiesides,  the  whole  bodj 
surface  may  be  respiratory  and  in  small  forms  maj  entirely  replare 
that  of  the  gills,  so  that  these  organs  become  rudimentary  or  may 
entirely  disappear,  there  being  a  diffase  respiration  with  cor- 
respooding  resnlta  in  the  circulatory  system.  With  a  localized 
respiration  heart,  arteries,  capillaries,  and  veins  are  well  developed, 
but  with  the  diffuse  respiration  only  the  heart  persists  as  a  reduced 
structure,  or  with  its  disappearance  the  lost  traces  of  a  circulatory 
system  are  lost. 

Locomotion  as  well  as  respiration  is  related  to  the  aquatic  life, 
and  these  animals  usually  possess  a  special  form  of  appendage  of 
the  biramous  or  echizopoddl  type,  which  at  once  differentiates  these 
forma  from  other  arthropods.  While  in  the  latter,  aa  every  insect 
shows,  the  joints  of  the  limb  follow  in  a  single  sequence,  the  crus- 
tacean appendage  has  a  two-jointed  base  (basiopodite),  followed 


or:  I,  a  pair  of  sohliopodal  (set: 
„ ,  right  mindlble:  /F,  right  maxilla;  F,  right  mandi- 
ble of  Cffclopt  cotonatwt.    I,  !,  Jomt0of  baaiopodlt^i  i,  eodopodlte;  a,,  elopodlte. 

by  two  many-jointed  branches  (fig.  410,  /),  an  inner  or  andopodile 
and  an  outer  or  exopodite. 

The  scbizopodal  appeodage  occurs  only  when  the  limb  is  used  for 
swimming;  when  itis  u«ed  for  walking  upon  the  bottom,  a&  ia  crayfish  and 
crnba,  tlie  exopodite  is  lost  and  only  the  endopodite  persists  as  the  func- 
tional limb,  which  then  closely  resembles  the  appendages  in  the  so-called 
trachentes.  This  loss  rarely  occurs  on  all  the  appendages;  usually  the 
abdominal  feet  and  the  mouth-parla  retain  the  two-branched  condition. 
Embryology  further  shows  that  even  in  the  case  of  the  crnbs  all  the  feet  are 
at  flrat  schJzo)>odal  and  that  the  walking  Irgs  loaa  the  exopodite  during 
growth.  There  is  some  evidence  to  show  that  the  achizopodal  foot  ia  not 
the  primitive  type.     This  is  furnislied  by  the  phyllopod  foot  (fig.  411,  11), 
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and  consiBtB  of  a  medial  axis,  h,  bearing  on  the  inside  six  '  enditea,'  i,  and 
on  the  onter  side  two  'exitcB,'  a  flaltellum  or  epipodite,  a,  and  a  gill,  *. 


Fio.  411.— Branehlopod  apMndagM.  landr/flr«t«idilxUileKHof  BrnncMpucffmbd 
(fttter  GeraUcker);  f/r,  fanrth  leK  of  DnpAnio  •imua  (after  Clans),  a.  flabeUom; 
K,  bull ;  1,  uon  and  Ita  endltes ;  ft,  KUla- 

This  becomes  modified  into  the  sohizopodal  form  by  a  toes  of  the  four 
basal  endites  (those  nearest  h)  and  the  deveJopment  of  the  two  tenniDa) 
endit«a  into  ezopodite  and  endopodite.  Still  rhe  nchizopodal  condition  is 
so  nearly  nniveraal  among  Crustacea  that  it  must  be  accorded  great  weight 
in  otasBi&cation. 

The  appendages  fnrnish  a  farther  diagnostic  character  in  that 
two  pairs  of  anteniue  are  present  in  the  Crustacea  (aee,  however, 
Trilobitie).  Actenoffi,  it  will  bo  remembered,  are  preoral  append- 
ages innervated  from  the  brain.  In  some  casee,  as  many  Ento- 
moBtraca,  the  second  pair  may  lose  their  sensory  functiona  and 
become  mere  swimming  organs. 

A  carapace,  recalling  the  mantle  of  the  molluscs,  is  widely  dis- 
tributed in  the  cmstacea.     It  arises  as  a  fold  from  the  bead,  which 
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may  extend  backwards  as  a  shield,  completely  covering  some  or  all 
of  the  thoracic  aegments  (fig.  412),  or  it  extends  right  and  left  on 
the  sides  of  the  body  (fig.  436)  and  produces  two  valves  strikingly 
like  those  of  a  lamelli branch,  the  resemblance  being  strengthened 
in  the  cirripeds  and  ostracodes  by  the  extensive  calcification, 

ConcerniDg  the  internal  organs  but  few  general  remarks  can 
be  made.  Salivary  glands  are  wholly  absent;  on  the  other  hand 
the  stomodenm  is  usually  widened  into  a  strong  chewing '  stomach,' 
and  behind  this  empty  the  dncts  of  the  so-called  liver  (better 
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hepato-pancreos).  The  liver  itself  differs  widely  from  the  two 
simple  blind  sacs  of  the  Daphnidie  (fig.  420)  to  the  enormous 
livers  of  the  Decapods  (fig.  439,  A),  Excretory  organs  are  repre- 
sented by  so-called  green  glands  (antennal  glands)  and  thell  glands. 
The  latter,  which  received  their  name  from  the  erroneous  idea 
that  they  produced  the  shell,  open  to  the  exterior  on  either  side  at 
the  bases  of  the  fourth  appendages,  the  maxillie  (fig.  420,  s).  The 
green  gland  opens  similarly  on  the  basis  of  the  second  antennie. 
Both  have  essentially  the  same  stmcture  (fig.  413) ;  they  begin  with 
a  terminal  vesicle  (in  the  case  of  the  antennal  gland  in  close  rela- 
tions with  the  reduced  ccelom),  which  passes  into  a  slender,  greatly 
coiled  tube.  Their  etmcture  and  development  lead  to  the  con- 
clusion that  they  are   modified  segmental   organs.     Both   occur 
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together  only  in  the  larvae ;  in  the  adult  one  or  the  other  is  snp- 
preaaed.  In  some  amphipods  there  are  excretory  diverticnla 
developed  from  the  inteatine  (Sg.  448),  vhich  resemble  the  Mai- 
pighisn  tnbea  of  inaecta,  bat  difter  from  them  in  being  of  ecto- 
dermal origin.  lu  some  decapods  Cfeca  occur  in  the  same  region, 
but  nothing  is  known  of  their  function. 

Visnal  organs  are  either  represented  by  the  so-called  naupltut 
eye,  conaiating  of  a  pigment  apot  with  three  lenaes  situated  directly 
on  the  brain,  or  by  a  pair  of  compound  eyes.  The  nauplius  eyes 
are  chiefly  found  ia  the  lower,  the  compound  in  the  higher,  groups; 
oocasionally  they  coexist  in  the  same  species.  Auditory  (equili- 
bration) organs  (otocysta)  occur  only  in  the  Malacostraca,  either 
in  the  base  of  the  first  antennie  or  in  the  endopodite  of  the  last 
abdominal  feet  {fig.  434,  o).     These  are  rarely  vesicular,  but  are 
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naaally  groorea  (fig.  414),  bearing  at  the  base  a  row  of  chitinous 
sense  hairs,  the  crista  acuatioa,  connected  below  with  an  auditory 
nerve,  while  their  free  ends  extend  between  a  cluster  of  otoliths. 

At  ecdysis  tbeso  otocysts  with  their  sensory  linirs  aii4  otoliths  are 
cast  off.  If  a  crayOah  wbicb  has  just  molted  be  placed  in  perfectly  cleau 
wnt«r,  the  otocyst  will  remain  nithoat  otoliths;  but  if  aome  easily  recog- 
nizable substance,  like  nrio  acid  crystals,  be  placed  in  the  water,  some  of 
these  will  goon  be  found  in  the  sac,  thus  proving  that  the  otoliths  sra 
introduced  from  the  outside. 

Crustacea  are  only  exceptionally  hermaphroditic.  The  sperma- 
tozoa are  noticeable  for  their  great  size,  in  many  ostracodes  equal- 
ling the  body  in  length.  Except  in  the  Cirripedia  the  spermatozoa 
lack  a  flagellum  and  are  immobile.  Their  round  or  elongate  body 
is  covered  with  rigid  processes  reminding  one  of  the  pseudopodia 
of  Adinospharitim  (fig.  36,  y,  6).  They  are  frequently  enclosed 
in  spermatophores  (fig.  422). 

The  typical  development  of  a  crustacean  includes  a  metamor- 
phosis, and  where  direct  development  occurs  the  metamorphosis  is 
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either  Bnppressed  or,  aa  ia  easily  shown,  the  correeponding  stages 
are  passed  in  the  egg.  Tvo  of  the  larval  stages  are  especially  im- 
portant, the  nauplins  and  the  zoea.  The  naupliua  (figs.  7,  429) 
consists  of  three  segments  covered  by  a  dorsal  shield  and  bearing 
below  three  pairs  of  appendages,  Tlie  first  pair,  developing  later 
to  the  first  antenne,  are  simple;  the  others,  corresponding  to  the 


Fio.  <1S.— Zou  of  ConrfiHU  matMf.    (AtUr  Faion.)    h.  heart;  (,  Intertlne;  I-Vn, 
cephallo  sppendaKea. 

second  antenna  and  mandibles,  are  schizopodaL  Internally  there 
is  a  three-chambered  alimentary  tract,  a  supracESophagesl  ganglion 
on  which  ia  an  unpaired  eye,  and  a  ventral  chain.  The  nanplins 
is  almost  universal  among  the  lower  cruatacea,  and  some  writers 
believe  that  it  represents  an  ancestral  form  from  which  the  crus- 
taoea  have  descended,  a  view  open  to  much  objection. 

The  2000  ia  more  complex.     It  consiats  (fig.  415)  of  cephalo- 
tbor^x  and  abdomen,  the  latter  without  appendages,  the  former 
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with  several  pairs  of  schizopodal  swimming  feet.  There  are  two 
large  compound  eyes  and,  dorsal  to  the  intestine,  a  heart.  Fre- 
quently the  carapace  is  armed  with  very  long  spines  projecting 
from  fronts  back,  and  sides,  which  are  intended  as  protection  from 
enemies. 

Nanplius  and  zoea  are  of  systematic  importance^  since  they 
rarely  both  appear  in  the  life  cycle  of  one  individual.  The  nau- 
plins  is  characteristic  of  the  lower  Crustacea — the  '  Entomostraca. ' 
The  zoea,  on  the  other  hand,  has  never  been  noticed  in  the  Ento- 
mostraca,  but  occurs  in  many  Malacostraca.  A  nauplius  appears 
in  only  a  few  Malacostraca,  like  the  schizopods  and  Peneus,  and 
there  precedes  the  zoea  stage.  It  must  not  be  forgotten  that 
many  forms  among  both  Entomostraca  and  Malacostraca  have  no 
zoeal  or  nauplius  stage. 

Frequently  the  lower  Crustacea  are  united  under  the  name 
Entomostraca,  but,  aside  from  the  nauplius  stage  and  the  posses- 
sion of  a  shell  gland,  the  only  characters  of  the  group  are  negative. 

■ 

Sub  Class  I.   TVilobita. 

The  most  important  fossils  of  the  class  of  Crustacea  are  the 
Trilobites  which  appeared  in  the  Cambrian  and  died  out  in  the 
Permian,  being  extremely  abundant  in  the  Silurian.  The  body 
(fig.  416)  consists  of  head  and  trunk,  the  latter  segmented.  In 
the  young  the  segments  are  very  few,  but  increase  in  number  with 
age  (10-29,  according  to  the  species).  The  hinder  segments  fre- 
quently differ  from  the  rest  and  form  an  abdomen  or  pygidium, 
Dorsally  the  animal  is  divided  by  two  grooves  into  three  lobes, 
marking  off  in  the  head  a  glabella  and  two  genm;  in  the  trunk 
rhachis  and  two  plenrce.  On  the  head  there  are  usually  a  pair  of 
compound  eyes,  which  in  the  young  were  frequently  ventral,  but 
are  brought  to  the  dorsal  surface  with  growth.  For  many  years 
little  was  known  of  the  under  surface,  but  lately  specimens  of 
Triarthrus  becki  (fig.  417)  from  the  Utica  slate  have  revealed  the 
appendages.  On  the  head  are  a  pair  of  simple  antennae,  and  four 
pairs  of  schizopodal  feet,  the  bases  of  which  acted  as  jaws.  It  is 
a  question  whether  the  first  pair  of  jaw  feet  correspond  to  the  sec- 
ond antennce  or  whether  these  have  been  lost  in  the  group.  The 
trunk  segments  bear  biramous  feet. 

In  some  respects  the  trilobites  resemble  the  Xiphosura  (tn/ra), 
but  the  possession  of  antennsB  and  biramous  feet  place  them  among 
the  Crustacea.     Here  their  position  is  very  uncertain.     We  have 
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little  knowledge  of  bnt  one  epeciee,  and  this  vith  its  single  pair 
of  antenim  differs  from  all  recent  Crustacea. 


Fia.  an.  T\< 
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Ins  aa  nuuilln.   Trunk  with  bErusons  feet. 

Sub  Class  II.  Phyllopoda. 

The  Phyllopoda  are  clearly  the  most  primitive  of  crnatacea. 
The  name  is  derived  from  the  leaf-like  feet  (p.  410),  which  occur 
npon  the  thoracic  region.  More  anteriorly  the  appendages  are 
schizopodiU,  the  second  pair  of  antennce  often  being  efiicieut  swim- 
ming organs.  The  number  of  body  segments  varies  between  very 
wide  limits,  there  being  loss  than  a  dozen  in  the  Cladocera,  while, 
if  Savigny's  law  (p.  401)  holds  tme,  there  are  over  sixty  in  some 
Apodidse.  In  most  forma  (the  Branchipodidte  excepted)  a  cara- 
pace is  developed  by  a  backward  growth  from  the  head.  This 
forms  a  broad  oval  shell  covering  most  of  the  body  in  the  Apodidte 
(fig.  412);  in  the  Estheriidte  and  Oladocera  it  is  dirided  int«  right 
and  left  halves  hinged  together  iu  the  mid-dorsal  line,  thus  giving 
these  animals  the  appearance  of  bivalve  molluscs. 

These  forms  have,  besides  the  unpaired  nauplins  eye,  a  pair  of 
componnd  eyes  which  in  the  compressed  forms  are  frequently 
fosed,  although  distinct  in  the  young  and  retaining  the  double 
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optic  nerve  throughout  life.  The  liver  is  present  in  the  shape  of 
simple  caBca;  the  heart,  elongate,  chambered,  and  with  many  ostia 
in  the  Branchiopoda,  a  short  sac  with  only  a  pair  of  ostia  in  the 
Cladocera  (fig.  420,  h),  lies  dorsal  to  the  intestine.  The  shell 
gland  is  well  developed. 

In  development  sninmer  and  winter  eggs  are  distinguished.  The  sum- 
mer eggs  form  a  single  polar  globule  and  develop  partheuogenetically. 
The  winter  eggs  form  two  polar  globules  and  require  fertilization.  The 
thin-shelled  summer  eggs  are  carried  about  by  the  mother  in  a  brood 
pouch  and  hatch  in  a  relatively  short  time.  The  thick-shelled  winter  eggs 
are  cast  off  and  fall  to  the  bottom,  where  they  require  a  long  time  for 
development.  They  may  be  dried  or  frozen  without  injury,  and  at  least  in 
some  cases  drying  is  necessary  to  their  development.  This  feature  explains 
the  appearance  in  early  spring  of  large  numbers  of  Branchiptis  and 
Estheria  in  snow  pools  which  aref  dry  throughout  the  summer.  On  our 
western  plains  and  in  Europe  Apua  occurs  in  the  same  way.  These  pecu- 
liarities of  reproduction  are  readily  understood  when  we  recollect  that  the 
phyllopods  are  largely  inhabitants  of  fresh  water.  The  winter  eggs  pre- 
serve the  species  through  times  of  drought  and  cold;  the  summer  eggs  are 
for  the  rapid  increase  of  the  species  during  the  wet  season.  The  same 
relations  also  explain  the  fact  that  males  are  rare  and  only  appear  at 
intervals,  indeed  are  not  known  in  many  species. 

Order  I.  Branchiopoda. 

The  Branchiopoda  are  relatively  large  with  numerous  segments,  leaf- 
like appendages,  long,  chambered  heart,  and  lack  swimming  antennse. 

With  few  exceptions  they  are  inhabitants  of 
fresh  water.  According  to  the  development  of  the 
carapace  they  are  subdivided  into  three  families. 

1.  Apodid^.  Body  depressed,  with  large  oval 
undivided  carapace.  Eggs  carried  in  brood  cap- 
sules formed  by  a  pair  of  appendages.  Apus 
(flg.  412)  and  LepidurtM  occur  in  Europe,  Green- 
land, and  the  United  States  west  of  the  Missouri. 
Protocaris  of  the  Cambrian  rocks  is  apparently 
an  Apod  id. 

2.  Branchipid^.  Body  without  carapace,  the 
second  antennae  of  the  male  large  and  modified 
into  an  organ  for  clasping  the  female.  The  female 
Cannes  the  summer  eggs  in  a  wide  '  uterus '  in 
the  abdomen.  BrancJiipus  lives  in  fresh  water, 
Artemia  in  brine,  and  in  certain  species  one  has 
been  transformed  into  the  other  by  changing  the 
water  from  fresh  to  salt  or  the  reverse.  Branchi- 

pits  vemalis  (fig.  419)  occurs  in  snow-water  pools  in  our  northern  states, 
Artemia  in  Great  Salt  Lake,  around  salt  works  or  in  tubs  of  brine  near 
the  ocean. 
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8.  ESTHERtlDiB.  Body  laterally  compressed  and  enclosed  In  a  bivalve 
sbeil,  compouDd  eyes  fnsed;  male  very  rare.  Eatheria,' lAmnadia,*  ia 
fresh  water. 

Order  II.  ClAdoc«ra. 

Like  the  estheriida  the  small  Cladocera  hare  the  body  enclosed  in  a 
bivalve  carapace,  which,  in  some  iimtances,  is  small  and  reaches  back  only 
over  the  first  trunk  segments,  in  others  is  large,  enclosing  the  body,  with  a 
notch  for  the  protrusion  of  the  head,  while  behind  it  terminates  in  a  sharp 
apine.  The  head  bears  a  pair  of  large  swimming  antenna  and  a  much 
smaller  first  pair  bearing  olfactory  bristles  and,  in  the  male,  hooks  for 


Flo.US;— Br«ncUpu>iwrnaHg,*fnlrr  Bhriiup.   (After  Packard.) 
claaping  the  female.     The  body  consists  of  Few  segments,  the  heart  is  a 
simple  sac,  and  the  fused  faceted  eyes,  with  paired  optic  nerves,  are  capa- 
ble  of  motion  in  a  special  optic  capsule. 

The  young  eggs  in  the  sexual  organs  always  occur  in  groups  of  four 
<fig.  420).  OF  these  but  one  grows  into  an  egg,  the  otbers  breaking  down 
and  serving  tbis  as  nourishment.  Larger  eggs  with  more  yolk  occur  wbea 
several  of  these  groups  <2~13  fuse  to  form  a  single  egg.  The  summer 
eggs  arise  from  a  single  group,  the  winter  eggs  from  several  groups  of 
primordial  ova. 

In  all  Cladooera  the  space  between  the  back  of  the  animal  and  the 
shell  serves  as  a  brood  pouch.  In  some  cases  this  pouch  contains  an 
albnininous  fluid  secreted  by  the  mother,  which  nourishes  the  embryo. 
The  larger  winter  eggs — one  or  two  in  number — frequently  remain  for 
awhile  in  the  brood  chamber  and  are  there  enveloped  in  a  peculiar  shell, 
the  ephippium,  oonsistiug  of  two  chitinous  plates,  like  watch  crystals,  their 
edges  closely  appresaed. 

DAFUHiDf.  Shell  well  developed;  Daphnia*  (flg.  420),  Boamina* 
FoLTPHEMiDf.  Shell  small,  only  functioning  ns  a  brood  eaae:  liead  with 
an  enormous  eye  and  large  swimming  antenna;  no  pbyllopodous  feet; 
marine  and  lacustrine.  Leptodora  hyalina*  appears  at  night,  sometimes 
in  great  numbers.  In  some  of  our  lakes.     Eeadne,*  marine. 

8uh  Clati  III.  Oopepoda. 

A  general  deBcription  of  the  copepods  can  only  apply  to  the 
non-parasitic  forms,  since  many  of  the  parasites  have  become  ao 
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degenerate  (figs.  6,  423)  aa  to  be  recognized  even  ae  arthropodB 
only  by  a  knowledge  of  the  development.  The  sixteen  mmitea  of 
the  body  are  nearly  equally  divided  among  the  three  regions — 


Fio.  iXl.—EeadnK  latlt.t,  showlni  the  brood  pouch  fllled  with  Mga  and  Toong.  a*, 
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head  (6),  thorax  (6),  and  abdomen  (5) — of  the  animal.  (In  Cyclops 
the  first  thoracic  segment  is  fused  vith  the  head,  the  first  two 
abdominal  segments  are  fused — fig.  7.)     The  terminal  abdominal 


420  ARTIIROPODA. 

segment  is  two-forked,  forming  the  *furca/  While  the  abdomen 
lacks  appendages,  the  thorax  bears  typical  biramous  appendages, 
consisting  of  a  two-jointed  basiopodite,  the  basal  joint  being  fre- 
quently united  with  its  fellow  of  the  pair  for  common  motion  (fig. 
410,  7).  Exopodite  and  endopodite,  usually  three-jointed,  are 
fringed  with  bristles.  Usually  the  fifth  pair  of  thoracic  append- 
ages are  not  so  well  developed,  and  in  some  cases  are  represented 
by  two  bunches  of  bristles. 

The  two  pairs  of  antennsB  are  frequently  similar  in  size  (whence  the  old 
name  Cyclops  quadrioomis).  The  first  pair  are  always  uniserial  and  in  the 
males  may  be  hooked  near  the  base  for  clasping;  the  second  are  some- 
times biramous  (fig.  410,  II).  The  mandible  (fig.  410,  ///,  V)  is  instruc- 
tive, since  a  study  of  several  species  shows  that  it  is  derived  from  a  scbiz- 
opodal  condition  and  that  the  first  basal  joint  alone  is  used  for  chewing, 
the  rest,  being  reduced  to  a  palpus  of  varying  development.  Both  basal 
joints  01.  the  maxill»  (fig.  410,  IV)  can  be  used  in  eating.  Two  maxilli- 
peds  (formerly  regarded  as  the  separated  branches  of  an  appendage)  mark 
the  termination  of  the  head  (fig.  422,  S) ;  both  are  hooked  for  holding  the 
food. 

The  internal  anatomy  is  simple.     There  is  no  liver,  and  the 
straight  intestine  (fig.  422)  runs  without  marked  changes  in  size 
to  the  anus  between  the  branches  of  the  furca.     The  visual  organ 
is  the  unpaired  nauplius  eye  (which  has  given  the  name  to  one 
genus,  Cyclops).     It  lies  directly  on  the  brain.     The  ventral  chain 
has  its  ganglia  irregularly  distributed.     Gills  are  always  absent,  as 
are  usually  the  heart  and  blood-vessels.     Only  in  a  few  parasitic 
forms  are  there  tubes  which  have  been  interpreted  as  parts  of  a  vas- 
cular system;  in  some  free  forms  there  is  a  short  saccular  slowly 
pulsating  heart.     The  gonads  are  unpaired  in  both  sexes,  but  the 
sexual  ducts,  which  open  at  the  base  of  the  abdomen,  are  paired. 
The  females  possess  a  receptaculum  seminis  distinct  from  the  ovi- 
ducts, to  which  the  male  attaches  the  spermatophores  packed  with 
sperm  {^g,  422,  sp).     As  the  eggs  leave  the  oviduct  they  are  fer- 
tilized by  the  sperm  issuing  from  the  spermatophores,  and  num- 
bers are  enclosed  in  a  gelatinous  substance,  thus  producing  bundles 
of  eggs,  the  so-called  egg-sacs,  attached  to  the  abdomen,  by  which 
one  can  easily  recognize  the  females  (fig.  7).     A  nauplius  hatches 
from  the  egg,  and  by  budding  segments  and  appendages  at  the 
hinder  end,  and  by  a  change  of  the  nauplius  appendages  into 
antennsB  and  mandibles,  passes  through  a  '  cyclops-stage '  into  the 
adult. 

The  Copepoda  have  clearly  descended  from  some  phyllopod- 
like  form.     The  poorly  developed  ventral  chain,  the  loss,  partial 
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or  complete,  of  a  circulatory  gygtem,  and  the  absence  of  gilla  are 
all  evidencefl  against  the  view  which  would  consider  them  primitive. 

Order  I.  Encopepoda. 

The  foriDB  to  which  the  foregoing  description  wilt  apply  are  the  Euco- 
pepoda,  and  include  many  species,  which  often  occur  in  euormous  onmbers 
in  both  fresh  and  salt  water,  forming  the  larger  proportion  of  the  plank> 
ton.   Thejr  thus  famish  the  most  imporUni  food  supply  not  oa\j  for  flsbes 


Pio,  m.  Via.  m. 

TtO- «».— FemnlB  I>rn«< 

mentarf  tbomclo  nppeDOageB. 
FiO.  tSL— ArnuJui   futiaceMt.       (From    LiidwlK.I^uDlB.1      n.  BtlnK;  n',  nntenDB;!), 
moath:  e.  Intestine  iritb  liver;  d,  ftbdomen;  pni^t  jnn',  Bnt  and  secood  luaillll. 
peds ;  p*-p*>  bIramoQS  feet  of  thor&x. 

but  for  those  Riants  nroong  msmroals,  the  baleen  wliales.  CttochUut  gep- 
tentrionalu  occurs  at  times  iu  such  myriads  that  the  sea  for  long  distances 
is  colored  red. 

The  CrcuiPiDa:,  with  no  heart  and  paired  e^  sacs,  are  fresh-water 
forms;  Cyclop*  *  {flg.  7).  Calanida  fresh  water  and  marine;  heart  pres- 
ent, single  egg-sac.  Piaptomua*  fresh  water  (fig.  422);  Cetochilut,'  ib»- 
tilla,*  marine,  Habpactida,  creepiug  forms,  mi>Hily  marine;  Cantho- 
eamptus*  fresh  water.  The  Cobtc.£ID£.  which  are  half  pHrositic  aud 
include  the  wonderfully  iridescent  Sapphiriiia  '  (upon  pelagic  animals,  as 
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Salpa),  and  the  Notodelphidjc,  parasitic  in  the  gills  of  ascidians,  form  a 
transition  to  the  next  order. 

Order  n.  Siphonottomata  (Parasita.) 

There  are  also  Oopepoda  to  which  the  account  in  large  type  will  not 
apply,  animals  of  sach  strange  appearance  that  many  of  them  were  long 
regarded  as  parasitic  worms  (figs.  6,  423,  425).  Their  mandibles  are 
altered  to  piercing  bristles  and  enclosed  in  a  piercing  proboscis  formed  of 
upper  and  lower  lips.  With  this  sucking  organ  they  bore  into  the  skin  or 
gills  of  fishes.  They  have  cylindrical  forms  or  bodies  of  the  most  bizarre 
shapes,  in  which  frequently  no  segmentation  is  visible,  while  the  append- 
ages are  rudimentary  or  even  entirely  lost.  Indeed  one  would  not  recog- 
nize them  as  arthropods  save  for  the  following  features  : 

(1)  Most  of  them  have  the  typical  Copepod  egg-sacs  (sometimes  elongate 
and  spirally  coiled)  attached  to  tlie  hinder  end.  (2)  In  the  course  of  years 
a  complete  series  of  intermediate  forms  has  been  found,  allowing  one  to 
trace,  step  by  step,  the  alterations  of  form  from  that  of  the  free-living 
species  to  that  of  the  most  modified  parasites.  (3)  Ontogeny  is  convincing. 
Most  parasitic  Copepoda  leave  the  egg  as  a  nauplius  and  pass  through  a 
Cyclops-stage  before  attaching  themselves  to  fishes  and  becoming  the  highly 
degenerate  parasites.    These  parasites  are  always  females.    The   males 

scarcely  pass  the  Cyclops-stage,  copulate  with  the  females 
and  then  die,  or  if  they  pass  through  the  metamorpho- 
sis, they  remain  small  and  different  in  appearance. 
They  occur  attached  to  the  female  near  the  genital 
openings.  There  is  thus  here  a  marked  sexual  dimor- 
phism. 

The  Argulid^  (sometimes,  but  without  warrant, 
made  a  distinct  sub  order,  Branchiura)  are  fresh-water 
forms  with  compound  eyes,  liver  lobes,  and  the  second 
maxillipeds  metamorphosed  into  suckers.  Argtdns* 
Fig.  425.— j>rmEa  (fig-  424)  causes  considerable  mortality  to  fish.  The 
i>rarMj/iiaii»norig.)  marine  and  brackish-water  Caligidjk  (Caligus*)  have 
similar  habits.  LERNiEOPODiDiE.  Fish  parasites  with  maxillfe  united  into 
Sin  adhesive  organ.  Achtheres  *  (fig.  6),  parasitic  on  perch.  Lernaidjs  ; 
worm-like  parasites.  Lenuza  brancJiialis*  common  on  gills  of  cod; 
Lemaocera*  (fig.  428),  on  pike ;  PetieUa* 

Sub  Class  I V,  Ostracoda. 

Like  the  Cladocera  and  the  Estheriidse  the  Ostracoda  are  en- 
closed in  a  bivalve  shell,  which,  when  closed,  includes  not  only 
the  body  but  the  head  and  appendages  as  well,  these  being  pro- 
truded when  the  shell  is  opened.  The  valves  are  closed  by  an 
adductor  muscle,  opened  by  a  hinge  ligament  like  that  of  lamel- 
libranchs.  This  resemblance  to  the  molluscs  is  heightened  by 
lines  of  growth  upon  the  shell. 
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The  antenuss,  the  first  simple,  the  second  fraqaently  two- 
branched,  are  used  for  Bwimming  and  creeping,  and  are  bent  back- 
-vrards  and  provided  with  nnmerons  joints  and  hairs.  The 
following  appendages  (mandible,  maxillae,  and  three  pairs  of  legs) 


Pia.  -tiB.— Ctotr(«/n»rtf(ltu,  adnlt  femalB.    (After  CUub)    /-H^  uppendagoa:  e.ftiKia: 
e,  eye:  '.  Uver;  m,  adductor  muscle ol  shell:  'i.  ovary:  i,  shell  glHod. 

vary  greatly  from  genua  to  genua.  The  internal  atnicture  is  also 
Tariable.  The  Oatracoda  are  largely  bottom  forma  and  live  in  fresh 
and  brackish  water  as  well  as  in  the  sea. 

CtprU>ikid£,  First  two  pairs  oF  legs  mnxilliiry  in  character,  the  lust 
developed  into  a  hook  for  cleansing  tlie  sh<;1l;  heart  (."csent:  marine. 
Cypridina."  Crpamin^.  First  pair  of  legs  maiillary  in  character; 
heart  Incking;  fresh  water.     Cypria,*  CantloiM.* 

Sub  Class  V.   Cirripedin. 

The  cirripeds,  or  barnacles,  differ  from  all  other  cnistacea  in 
that  they  have  lost  their  locomotor  powers  and  live  attached  to 
rocks,  floating  timber,  and  the  like.     In  some  coses  they  attach 
themselves  to  other  animals,  aa  crabs  and  molluscs,  or,  as  in  the 
case  of  CoroHula,  to  whales.     This  leads 
in  Anelasma  and  the  Rbizocephala  to  a 
true   paraBitiBm,  the  barnacle  not  only 
attaching  itself  to  an  animal  but  sucking 
its  juices  as  food. 

The  attacliment  is  by  the  dorsal  sur- 
face in  the  neighborhood  of  the  bead, 
and  is  initiated  by  the  first  antennte,  in 

which  ia  a  cement  gland  secreting  tk  via  iz!.—iMn:<iihnf»e.i*MOTn 
rapidly  hardening  cement.  The  region  ^rl^'*'  A^mwiof  mstrSm' 
of  fixation  in  the  Balanidte  (fig.  427)  o"^™JiS'm°of^M,Sti'"5  <^ 
lies  in  the  plane  of  the  head;  in  the  "^b*'''- 
Lepadidse  it  is  drawn  ont  into  a  long  mnscular  stalk  (fig.  114), 
To  this  attached  life  are  related  all  the  peculiarities  of  stracture. 
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It  is  clear  that  a  fixed  animal  has  greater  need  of  protection  than 
one  which  can  flee  from  itB  enemies,  therefore  ve  fiod  cot  only  a 
light  and  left  mantle  and  a  shell  capable  of  complete  closure, 
like  that  of  an  ostracode,  but  also  in  this  calcified  plates,  the  scuta 
and  terga  (figs.  114,  427,  s,  t),  the  first  cephalic,  the  other  pos- 
terior, in  position. 

Between  the  pairs  of  these  is  the  gap  through  which  the  feet 
are  protruded.  Besides  there  are  other  calcified  portions,  one  of 
which,  the  carina  (fig.  114,  c),  corresponds  to  the  hinge-line  of 
the  ostracode  and  in  some  Lepads  is  supplemented  by  a  farther 
nnpaired  piece,  the  rostrum.  In  the  Balanidie  the  rostrum  and 
carina  are  mnch  stronger,  while  between  them  other  paired  pieces, 
the  lateralia,  are  intercalated.  Lateralis,  rostrum,  and  carina  arise 
from  a  base  (usually  calcareona)  and  form  a  capsule,  closed  nbore 
by  a  doable  valve  formed  of  the  paired  scuta  and  terga,  between 
which,  when  open,  the  animal  can  be  seen  (fig.  427). 

The  body  in  both  lepads  and  balanids  has  eBsentially  the  same 
stmcture.  It  is  flexed  ventrally,  so  that  mouth  and  vent  are  near 
each  other,  and  bears  six  pairs  of  feathered  feet,  or  cirri,  which, 
when  extended,  become  widely  separated  and  form  a  most  efScient 
means  of  straining  small  organisms  from  the  water  and  conveying 
them  to  the  mouth.  These  feet  are  biramous,  with  their  branches 
ringed  and  thickly  haired.  Behind  them  is  a  rudimentary  abdo- 
men  and  an  elongate  penis;  while  the  mouth  is  surronuded  by  a 
pair  of  mandibles  and  two  pairs  of  maxilhe. 

In  internal  stmcture  the  most  noticeable  feature  is  that  the 
animals,  in  contrast  to  almost  all  other  arthropods,  are  hermaphro- 
ditic, a  condition  possibly  correlated  with  their  sedentary  life  and 
the  consequent  need  of  self-impregnation.     Yet  it  ia  to  be  remem- 
bered that  the  common  forms  have  a  long 
penis,  so  that  these   animals,  crowded 
"    closely  together,  can  fertilize  each  other. 
In  cases   of  several  species  which  live 
I     solitary    complementary    males     occur. 
«   These  are  very  small,  purely  male  forms, 
«    with    extremely    simple    structure    (fig- 
*   428),  which  live  inside  the  mantle  cavity 
'     near    the    genital   openings.      The    un- 
Fio.  t!8--Maieof  ^wppe  lam- gggmented  body  is  enclosed  in  a  sac  (a 

nrfL    Mil.   antenna;  I.  mantle       o  ./  \ 

lobw;  .n.muBcie«;o(;.  oosHusi  soft-skinned  shell),  and  anchored  bvthe 

vesicle.  antennce.    The  long  penis  protrudes  from 

the  mantle.     In  the  genus  Scalpellum  there  are  purely  hermaph- 
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roditic  species,  hennaphroditio  species  with  complemental  males, 
and  purely  dtoacioas  species. 

Since  the  hard  shells  of  tho  barnacles  resemble  those  of  the  idoIIubcs,  it 
is  not  to  be  wondered  that  these  forms  were  long  regarded  as  belonging  to 
that  group.    It  was  not  nntil  the  development  (t%.  429j  waft  studied  that 


V\a.  us.— Naupllus  {A)  sod  Orprls  iVj  atasM  of  Saemilitia  earelnt.  (Attar  Tit\t«a.y 
I,  1.  antenna :  t,  moDdlble;  /,  alrrhoUB  foot ;  m,  mutoleii;  oc,  nkiiplliii  ere;  ov. 
Ullage  of  ovarr. 

the  error  was  corrected.  A  large  nauplius  comes  from  the  egg  and  later 
is  metamorphosed  Into  a  second  larval  stage  with  bivalve  shell  which, 
from  its  appearance,  is  called  the  oyprls-Btaga.  This  becomes  filed  and 
develops  Into  the  adult,  losing  the  compound  cfes  and  retaining  the  nau- 
plius eye. 

Order  I.  lepadida. 

Stalked  cirripeds,  with  shell  largely  formed  of  scuta,  terga,  and  oarina; 
other  parts  may  be  added.  Lepas  anatifera* 
(fig.  114)  is  the  goose  barnacle,  which  owes 
its  common  name  to  n  nediteval  myth 
which  claimed  that  the  Irish  (or  bernicle)  . 
goose  developed  from  tiiese  animals.  L. 
/aKieitlaris,*[tig.4BQ).  abundantfloatingon 
the  eastern  coast.  Anelaama  squalicoia,  a 
thin-skinned  barnacle,  is  parasitic  on  Bliarks 
and  formsa  truiisiiioii  to  the  Rliizocephala. 
Older  II.  Balaaidffi. 

Sessile  cirripeds  with  calcareous  shell 
formed  of  carina,  rostrum,  and  laternUa; 
scuta  and  terga  forming  the  valves  (fig.  437), 
Baiantu  balanoides,"  common  on  our  coast. 


CotvnuJa  diademaia,  attached  to  the  sktu  *■">■    *?;--^1P"~i?^'lIt\* 
,     ,    ,  gooee  barnacle.   (From  SmlUi.) 

of  whales. 
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Order  m.  BUsoce^ulA. 


Th«m  forms  differ  so  much  from  tbe  other  oirripeds  m  to  demkad  sepa- 
rate meotioD.  They  are  parasitic  od  the  abdomeua  of  various  decapod 
crabs  aod  consist  of  a  stalk  which  penetrates  the  body  of  the  host  and  a 
body  which  remains  outside.  The  sbdli,  which  branches  in  a  root-liko  man- 


Fm.  181.— Socculfna  earrini  attached  U 
n,  aheU  openlDK:  r.  network  of  m 
nala,  ere  and  aauB  ol  the  crab. 

-uer,  penetrates  the  cephalothorax  and  absorbs  its  Juices.  Since  tbe  stalk 
furnishes  the  food,  an  nlimeniary  canal  is  absent.  The  body  lacks  all  ap- 
pendages, is  enclosed  by  a  eoFt-skinned  mantle,  and  is  almost  entirely 
filled  with  the  gonads.  Since  these  forms  luck,  as  adulls,  all  arthropodan 
features,  their  position  is  only  settled  by  their  development,  which  shows 
(fig.  429)  no  great  difference  from  that  of  ether  cirripeds.  These  forms 
are  rare  on  the  American  coast.     Sacculina,  PeUoga»ter.* 

Two  more  orders,  ABDOMINALIA  and  APOD  A,  parasitic  in  the  mantle 
and  shells  of  molluscs  and  other  cirripeds,  scarcely  need  mention. 

Sub  Class  V.  MalacosiToca. 
The  Malacostraca  are  sharply  marked  off  from  the  other  Cma- 
tacoa  by  having  a  body  which  coneiata  of  twenty  segments,  of  which 
aeven  are  abdominal  (Nebalia  has  twenty-onej  eight  abdominal). 
The  excretory  organs  are  represented  by  the  antennal  glands,  and 
shell  glands  are  lacking  escept  in  some  Isopoda.  The  male  geni- 
tal ducts  open  ou  the  thirteenth,  tbe  female  on  the  eleventh. 
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Legion  I.  X^ptostraca. 
The  LeptoBtraca  connect  the  Phyllopoda  vith  the  higher 
groups.  They  have  twenty-one  aomitea,  eight  abdominal,  eight 
thoracic,  and  five  cephalic,  and  this  and  the  openings  of  the  genital 
ducts  ally  them  to  the  Malacostraca.  On  the  other  hand  the 
bivalve  carapace  covering  the  cephalothorax  and  part  of  the  abdo- 
men, and  the  leaf-like  thoracic  feet,  are  phyllopodan.  They  have 
an  anlennal  gland  and  a  rudimentary  shell  gland;  an  elongate  heart 
which  extends  through  cephalothorax  and  abdomen;   and  com- 


F^a.  432.— STeballa  MpH.*    (After  Sars.)    A,  heart;  (,  intesllne;  n.  ovury;  a.  adductor 
of  carHpaCH  ;  Ii,  britin  ;  r.  rostrum. 

pound  Htalked  eyes.     The  few  species  are  all  marine  and  belong  to 
the  genua  Nebalia.     N.  bipes  *  (fig.  432). 

Legion  II.  Tlioracoilraca  (PodoplUhalmia). 
The  names  given  this  diviaion  have  reference,  first,  to  the  fact 
that  the  head  and  more  or  fewer  of  the  thoracic  segments  are  united 
into  nn  immovable  part,  covered  by  a  firm  carapace;  second,  that 
the  compound  eyes  (except  in  Cumacea)  are  placed  at  the  ends  of 
movable  eye  stalks,  a  condition  which  has  possibly  arisen  from 
the  inflexibility  of  the  anterior  part  of  the  body.  The  first  live 
appendages  are  always  two  paira  of  antennas,  a  pair  of  mandibles, 
and  two  pairs  of  maxillie.  The  remaining  pairs  vary  greatly  in 
character  and  from  one  to  three  may  be  modified  into  maxillipeds, 
while  the  abdominal  somites  except  the  last  (telson)  usually  bear 
appendages,  at  least  in  the  female.  There  is  usually  a  metamor- 
phosis in  development  in  which  a  nauplius-stage  may  appear,  most 
frequently  in  the  lower  forms  (acbizopoda),  but  even  in  the  deca- 
pods (Penei"-). 
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Ordflil.  ScUsopoda. 
These  are  small  forms,  mostly  marine,  in  irhich  the  cephaJo- 
thorax  U  covered  by  &  carapace  with  which  some  or  all  of  the 


Is  MSioBEita  ;  J-;,  abdominal  >eKmeiita. 
thoracic  somites  are  firmly  united.  The  eight  thoracic  feet  retain 
throughout  life  a  biramons  condition  and  are  Qsed  in  swimming. 
The  posterior  pair  of  abdominal  feet  together  with  the  telson  form 


"^'^ 


a  caudal  '  fin '  by  means  of  which  the  animal  can  swim  backwardt. 
The  delicate  skin  permits  of  diffnse  respiration,  and  gills  are  fre- 
quently lacking.  In  some  genera  plates  from  the  legs  of  the  female 
enclose  a  brood  case  beneath  the  cephalothorax,  thns  giving  these 
forms  the  common  name  of  opossum  shrimps. 
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The  UTStDiD^are  the  moat  wjdeljr  distribute*!,  several  species  oF  Myiis 
(fig.  484)  occurring  on  our  coasts  nnd  one  in  tbe  Orent  Lakes.  In  these  the 
endopodite  ot  the  sixth  abdominal  appendage  contains  bq  otocyst,  with  a 
calcic  fluoride  otolith.  Other  families  are  tbe  Eupbausiida  and  Lopbo- 
OASTRiDA  of  the  deeper  seas. 

Ontor  n.  Stomatopoda. 

In  stmctnre  of  the  cephalothorax  these  forme,  known  as  mantis 

sliTimps  (from  a  resemblance  to  the  insect,  the  praying  mantis), 

have  not  advanced  as  far  as  the  scbizopods,  since  the  last  three 

thoracic  somites  remain  free  and  are  not  covered  by  the  carapace. 


Fis.  48C.— Rjntlla  man 

It,  glllB- •■'- 

telaon. 

The  appendages,  however,  are  more  differentiated,  since  only  the 
three  posterior  thoracic  feet  are  biramons  and  natatory.  The 
four  in  front  of  these  are  prehensile  and  bear  a  pincer  formed  of 
the  last  two  joints,  the  last  being  slender  and  usually  toothed  and 
closing  in  a  groove  of  the  penult  joint  like  a  knife  blade  in  the 
handle.  The  first  of  these  raptorial  feet  are  the  largest  and  are 
used  in  capturing  fishes,  etc.  Since  the  thoracic  feet  are  of  little 
service  for  locomotion,  the  abdomen  is  long  and  stout,  especially 
the  caudal  fin.  Tbe  five  anterior  abdominal  feet  bear  the  gills,  and 
correspondingly  the  elongate  heart  with  many  ostia  extends  into 
the  abdomen.  The  transparent  pelagic  larvte  were  formerly  re- 
garded as  adults  and  described  as  Alma  and  Erickfhus.  SquiUa 
empusa  lives  on  our  east  coast,  Qonodactylus  in  Florida.  They  are 
burrowing  animals  and  deposit  their  eggs  in  their  holes. 

Ordai  m.  Decapoda. 
The  Decapoda  is  the  most  important  group  of  Crustacea,  since 
it  contains  the  shrimpa,  lobsters,  crayfish,  and  crabs.  It  agrees 
with  the  Schizopoda  in  having  a  cephalothorax  composed  of  thirteen 
fused  somites,  but  differs  in  the  structure  and  fanction  of  the 
thoracic  extremities.  Only  the  last  five  pairs  (whence  the  name 
Decapoda)  are  locomotor.     These  lose  the  exopodite  during  de- 
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velopment  and  become  strong  VAlking  legs,  tenninated  either  with 
claws  or  pincerB  (cbelse).  HBQally  the  first  pair  is  distinguished 
from  the  others  by  its  size  and  by  being  chelate,  and  becomes  not 
locomotor  bnt  grasping  in  fnnctiou.  la  the  development  of  a 
chela  the  penult  joint  sends  out  a  strong  procesa,  the  'thnmb,' 


ne.  dl.— ErlchthUB  atage  of  SquiUa  (orlgj, 

which  extends  as  far  as  the  last  joint  (the  'finger-*),  vhich  cloeeH 
against  it. 

The  tnoutb  parts— a  pair  of  mandibles,  two  pairs  of  mnxillte,  and  three 
pairs  of  maxillipeds  (fig.  404)— lie  in  front  ot  the  first  pair  of  logs.  Tlie 
maxillipeds  (7.  ft,  6)show  clearly  a  biramous  condition,  while  the  mazillfe 
(4,  3)  retain  considerable  of  the  original  phyllopod  character.  In  the  mnn- 
dibles  (2)  there  is  always  a  strong  basal  joint,  the  edge  of  which  serves  as  a 
jaw,  while  this  maj  bear  additional  joints,  rhe po/puJ.  Behind  the  moiiili 
are  a  pair  of  scales,  the  paragnaths  or  metastoma,  formerly  regarded  as 
appendages.  The  antennn  are  usually  distinguished  from  their  size  as 
antenna  (second  pair)  and  antenntda  (first  pair,  fig.  404).  The;  have  large 
basal  portions,  which  in  the  antennulie  bear  two  many-jointed  flagello, 
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while  the  anteniue  proper  have  bat  a  single  though  usually  mnch  lai^r 
flagellnm.  On  the  baaal  joint  of  the  antennulfe  is  the  auditory  organ 
(p.  413),  while  the  greeu  glaad  opens  on  the  basal  joint  of  the  ant«nii8e 
tflg.  489,  ffd). 

Wbeu  the  abdomeD  is  not  mdimentary  (as  in  the  crabs)  the  appendages 
of  the  sixth  abdominal  segment  together  with  the  telson  form  a  strong 
caudal  fin  (Bg.  439);  tbc  other  appendages  (flgi  404, 1)  ate  small,  bira- 
mous  organs  to  which,  in  the  female,  the  eggs  aro  attached.  Id  the  female 
the  first  pair  is  reduced,  but  in  the  male  except  in  Paliaurids  this  pair  is 
well  developed,  curiously  modified,  and  serves  as  a  copalatory  (intromit- 
teut)  organ.  The  condition  of  these  appendages  as  well  as  the  openings  of 
the  genital  ducts— on  the  base  of  the  third  walking  foot  in  the  female, 
the  fifth  in  the  male— serve  at  once  to  distinguish  the  sexes.  Frequently 
also  the  males  have  the  larger  pincers. 

The  thickness  of  the  integnmetit  prevents  diffuse  respiration 
and  accounts  for  the  numerous  gille  (fig.  437)  which  are  attached 


Fio.  m.— OilU  of  Attamt  exposed  by  eatUnft  awar  the  branchlost«glte.  pdb,  fib. 
podo-  andplenrobranohlaotthe  oorreHpondlng  Begments:  r,  rostrum;  i,  stslked 
eveB:  !,  5,  anteniue;  Ir6.  m&ndibles  and  maiUkei  7-0,  mazllUpedsi  10, 11^  bases  al 
tnoraclo  feet;  li,  Qr*t  pleopod. 

to  the  bases  of  the  appendages  (roasillipeds  and  walking  feet)  or 
to  the  sides  of  the  body  near  them.  (In  the  Thalasainidte — forms 
near  the  Aatacidte — the  gills  are  on  the  abdominal  appendages). 
These  gills  are^  not  visible  externally,  for  the  carapace  extends 
down  on  the  sides  of  the  body  as  a  fold  (branchiostegile)  over 
them,  thus  enclosing  them  in  a  branchial  chamber.  A  process  of 
the  second  maxillfe — the  scaphognathile — plays  in  this  branchial 
chamber  and  pumps  the  water  over  the  gills,  the  water  flowing  out 
near  the  month.  All  decapods  can  live  some  time  out  of  water,  a 
fact  readily  explained  when  we  remember  that  they  retain  some 
water  in  the  gill  chamber,  which  keeps  the  gills  in  a  moist  con- 
dition. In  some  of  the  tropical  land  crabs  which  live  almost  ex- 
clusively on  land  there  is  a  true  aerial  respiration,  the  lining  of 
the  gill  chamber  becoming  modified  into  a  kind  of  lung  traversed 
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by  noroerous  Mood-veflflek.  In  Birgvs  latro  the  gill  chamber  is 
divided  into  two  portione  (fig.  438),  the  upper  part  being  pnlmo- 
iiarj,  the  lower  containing  the  reduced  gills. 


W.  488.— Dlk((Taiiuiutio  aeotlon  throoBli  BtTguM  latro,  Khowins  InncB.  (From  LUUE, 
tittT  Samper.)  a,,  a^  Cerent  blood-veaiali ;  ah,  piibiiDiiaiT  oluunber :  rit,  el.cF, 
efferentbIiNa>TeMelat  *,lwart;<k,slllB;  U,I>^aIlelIloate|[lta;i^pe^ica^dlDIIl. 


Vta.m.—ADt,U>m7  of  Crayflsh  lArtncW).  A.  dnrMi  surface  remored;  B,  aclMma 
of  clrcalatkin ;  C.  vlscBra  removed,  showing  ureen  ^luid  and  nervoos  gntem.  a, 
anuB !  "o,  hepatio  artary  ;  at  antenna ;  ....  antennula,  hIbo  sternal  arterr !  »% 
maBcles  of  stomaoh;  ..o  oplthalniic  artery  ;  op,  abdominal  artery  :  on,  ttsa^A 
artery :  Wnrlnary  bladder :  hr,  (till  arterlea:  e.  tBBophaBeal  oommlfimroa;  orf, 
pwn  Kland ;    mi'  brain  :  W-i",  KanpHa  of  ventral  clialn:   h.  heart:  M.  Intwi- 

Hne ;  t,  mandibular  muscIeH :  J,  7'.  ifver  and  lu  duct :  m.  stomach  ;  o.  oto ■  - 

Of«,<BBophagTifl;  on.optlo  nervB;  pc,  pericardium;  »(m.  sympathetic  nerve 
nnpalrea  and  paired  portlonnot  testes;  ff,  veolrai  blood  ilnai :  ml  Taa def< 
•dr,  ve'ns  from  sllla  to  heart. 


/.    CRnBTACEA:  DSCAFODA.  488 

Correlated  to  this  localized  respiration  is  the  nearly  closed  cir- 
culatory system  (figs.  439,  A,  B).  The  heart  (A),  a  compact 
pentugonal  organ,  receives  its  blood  from  the  vericardial  sinas 
\pc)  through  three  pairs  of  ostia,  and  forces  it  out  through  five 
arteries  to  the  capillary  regions  of  the  body.  The  venous  blood 
collects  in  a  large  venous  sinus  at  the  base  of  the  gills  (v),  passes 
thence  through  gills,  and  is  returned  by  several  branchial  veins 
{vhr)  to  the  pericardium. 

The  alimentary  canal  is  straight  and  has  only  one  conspicuous 
enlargement,  the  so-called  stomach  (fig.  439,  A,  m),  divided  into 
two  portions,  an  anterior  sao  (cardiac  pouch),  lined  with  chitinous 
folds  and  teeth  and  serving  to  chew  the  food  and  bearing  in  its 
walls  the  so-called  '  crab-stones,'  which  are  masses  of  calcic  carbon- 
ate stored  up  to  harden  the  armor  rapidly  after  the  molt.  The 
second  or  pyloric  portion  of  the  stomach  is  guarded  by  hairs  and 
serves  as  a  strainer,  allowing  only  food  sufficiently  comminuted 
to  pass.  The  two  liver  lobes — voluminous  masses  of  branched 
glandular  tubes  (/)  open  just  behind  the 
stomach. 

The  two  antennal  glands  (fig.  439,  C, 
gd),  each  provided  with  a  large  urinary 
_4  bladder  {bl),  are  dirty  green  in  color,  whence 
the  name  green  glands  often  applied  to 
them.  The  gonads  (figs.  440)  lie  close 
boneath  the  heart,  those  of  .the  two  aides 


-Reprodnc , „., ,„, ,„~^,    ,. 

Oil,  oviduct ;  od'.  Iti  openlDE  on  llth  appendsge :  O".  ovary ;  I, 

BtereHB ;  nl'.  Its  openlne  on  llltli  sppeDdagB. 

rio.Ml— NervoasBj'stemotDnb.CarctnuA  {From  0«tWDl>aiir.>  (i,uitennal 

1^  CEMpbageiil  comiDlssiii —  -^    * * •--'   -^-'- • — •— ■   - — 

krUry  •  IK  bntlo  ;  o,  opUc 


Pte,  m.— Reproductive  orgaDB  of  iA}  famala  and  (£)  male  crayflsh,    (Prom  Hax- 

iey.l   wl,  oviduct;  od'.  Iti  openlDE  on  llth  appendage!  ~ '   • ' 

vas  detereHB ;  nl'.  Its  openlne  on  Illtli  sppeDdage. 

„.  Ml  — Nervous  BTStemot  crab,  C-  '" "- 

e.  CBBopbagenl  commlBsiireB : 
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being  united  behind,  while  their  dncts  remftin  separate.  The 
structure  of  the  nervous  t^em  is  in  part  dependent  upon  that 
of  the  abdomen.  In  the  Macrara  (fig.  439,  C)  the  ventral  chain 
coneiate  of  six  ganglia  in  the  thorax,  six  in  the  abdomen,  but  in 
the  Brachyara  (fig.  441)  these  all  flow  together  in  a  common  mass, 
connected  with  the  brain  by  two  long  cesophageal  commissures. 

Tbe  derelopment  of  moet  decapods  is  interesting  from  tbe  number  of 
larval  forms.  As  a  rule  a  zoea  (flg.  415)  is  hatched  from  the  egg  ;  this 
passes  next  into  a  Hysis-stage  (flg.  443)  in  which  bead,  thorax,  and  abdo- 
men are  distinct,  the  thorax  bearing  biramoos  feet  like  those  of  schizo- 
pods — a  proof  of  the  origin  of  the  simple  feet  from  the  biramous  type. 
In  the  crabs  (Brachyura)  tbs  Hysis-stAge  is  replaced  by  a  Hegalope  (Bg. 
443),  in  which  the  abdomen  is  well  developed  but  tbe  feet  have  lost  their 


Fis.^W.— Ph^UoMHDKlsrra (Hyils^M*in) of  Piilim 


7.  boftd ;  T,  thoru  j  a  and  i,  exoiMidltea  nod  ei 
.  ^.  ^^—^,„t»lopB  larva  of  PorlaH-at.    (From  Lang,  aftei  v^ibuilj    i,  anLeiinv  i  j  >  - 
Vlli,  tboncio  appendagBB ;  a*-a\  abdominal  aomilw  (a*  U  the  seventh). 

biramous  character.  In  some  prawns  (Peneua)  the  series  is  rendered  more 
complete  by  the  appearance  of  a  nauplius  and  a  metananplius  with  many 
appendages,  before  the  kwsI  stage.  In  the  crayflsh  and  many  land  crabs 
the  metamorphosis  has  been  lout,  but  the  lobster  leaves  the  egg  in  the 
Uysis-stage.  Differences  may  occur  even  in  tbe  same  species;  thus  in  the 
European  l^ilamoneUt  variaiia  the  embryo,  in  the  sea,  leaves  tlie  egg  as  a 
zoea  ;  in  fresh  water  in  the  Mysis-stoge. 

Sub  Order  I.  MACBURA..  Abdomen  well  developed  ;  antennas  long ; 
ventral  nerve  chain  elongate;  no  megalops-stage  in  development. 
CARIDEA.  Body  compressed;  no  sutures  on  carapace;  feet  weak,  ex- 
ternal maxiltipeds  pediform;  a  lat^  scale  on  the  second  antennte.  In  the 
PiNRiDA  there  are  weak  exopodites.  Peneta*  Sicjfonia.*  Palaho- 
HUtx,  mandibles  bifid  at  tip.  PahEmon,  Alpheut*  ffippolj/U,*  Panda- 
lu*.'    In  tbe  Gramoonida  the  mandible  is  simple.     Orangon,*  Ai&tow.* 
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AsTACOlDU.    Carapace  crossed  by  a  transverse  groove.    The  AsTACiDiS 
have  well -developed  cheln.    Camharus*  includes  the  crayfish  of  the 


Fig.  UL—A,  Orangon  wigorfi  •;  B,  Patidubu : 


FlO.  Ut.— raipofninu  bomftardiu,  hermit  crab.    (From  Emerbm.) 

«utem  states;  those  ot  the  Pacific  coast  and  Europe  belong  to  Aitacut.* 
The  lobflters  belong  to  Bomarua.*    PiuNnRiD^s  (Loricata),  no  cbelte. 


486  AUTBSOPODA. 

bod^  with  heav7  armor;  Inrra  leaMjke  and  traospftrent  'glaaa  crabe,' 
called  Pbyllosomn  (fig.  442).  I'alitatrua*  spiny  lobster.  PAGURIDEA. 
hermit  crate;  abdomen  reduced,  BoFt-skiaDed,  and  hidden  for  protcctiou 
in  a  snail  shell  vbicb  the  aoimol  carries  about,  which  habit  has  resulted 


FI8,  tlA.—A,  FtatyoHiehut  ocfOatvi^  Iftdr  crab;  B.  tiWnfa  emarofnodi,*  spider  crab 

(TroniTeniBrton.) 

in  a  spiral  twisting  of  the  abdoroen.  Some  hermits  (Eupaffttnu)  csrrr 
sea  anemones  or  hydroids  on  their  shell,  oases  of  symbiosis  (p.  170). 
Supagurtu*  C^ibatiarius*    Allied  Is  Btrffus,  the  palm  crab  of  the  East 
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Indies,  which  is  said  to  climb  palm  trees  for  the  coooanuts,  which  it  eats. 
Its  respiratory  organs  have  been  referred  to  on  p.  432. 

Sub  Order  II.  BRACE YURA.  Body  depressed;  abdomen  mdimentary 
and  folded  in  a  groove  under  the  cephalothorax;  antennae  short;  never 
more  than  one  pair  of  feet  chelate;  ventral  nerve  cord  concentrated  (fig. 
441).  Omitting  some  inconspicuous  groups  like  the  porcellain  crabs  (Por- 
CELLANiDJS),  the  HiPPiD^,  aud  the  LiTHODiOiE,  which  are  united  as  a  group 
of  Schizosomi  from  the  fact  that  the  last  thoracic  segment  is  free  from  the 
carapace  and  its  ^pendages  are  rudimentary,  the  sub  order  is  usually 
divided  as  follows:  LEUOOSOIDEA  (Oxystomata).  Body  oval  or  triangular, 
area  of  mouth  parts  triangular,  the  apex  anterior.  Ccdappa^  Matuta^* 
Hepatus  *  of  warmer  seas.  OXYRHYNOHA  (Maioidea).  Cephalothorax 
triangular,  narrowed  in  front;  month  area  (as  in  the  following  tribes) 
quadrilateral.  Mostly  tropical.  Hyas^*  Libinia*  PugeUia,*  spider  crabs. 
CYCLOMETOPA.  Body  broader  than  long,  regularly  arcuate  in  front. 
CANCRiDiE,  with  last  pair  of  feet  pointed.  Cancer^*  shore  crab;  Fatuh 
peu8*  mud  crab.  PoRTDNiDiE,  with  last  pair  of  feet  flattened  paddles. 
Platywiichus*;  Neptunus  licuttatus*  when  thin-skinned  after  molting,  is  the 
'soft-shell  crab'  of  the  markets.  CATOMETOPA.  Front  of  carapace 
nearly  straight;  body  from  above  nearly  quadrilateral;  QelasimuSj*  the 
fiddler  crabs  of  our  warm  shores;  PinnotJieres  ostreum^*  common  in 
oysters;  GECARCiNiDiE  {Dca,  etc.).  land  crabs  of  the  tropics,  which  only  go 
to  the  sea  at  the  reproductive  season  to  lay  their  eggs. 

Order  IV.  CmoACMU 

6mall  marine  forms  with  sessile  eyes,  three  or  four  free  thoracic  somites; 
appendages  biramous;  a  brood  sac  beneath  the  cephalothorax.  Of  interest 
because  combining  arthrostracan  and  thoracostracan  features.  Diastylis 
(fig.  447). 


FiO.  ai.—Ditutylis  quadi-ispinotUA, 

Especial  interest  also  centres  in  the  little  known  Anaspides  Uismania 
from  lakes  in  Tasmania,  which  unites  schizopod  and  amphipod  characters. 
It  has  the  stalked  eyes,  caudal  fin,  and  biramous  feet  of  a  schizopod; 
otocysts  in  the  antennulsB  like  a  decapod;  but  agrees  with  the  amphipods 
in  shape  of  body  and  in  free  thoracic  segments.  The  epipodial  plates 
are  paralleled  elsewhere  only  in  carboniferous  species,  with  which  these 
forms  apparently  are  closely  allied. 
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Legion  III.  Arlkroslraca  {Edriophikalmata). 

Although  the  head  of  the  Arthrostracan  consiata  of  six  seg- 
ments, it  is  remarkably  short.  It  beara  six  paira  of  appendages, 
one  of  the  normal  thoracic  pair  being  added  to  it  aa  maxillipeds. 
Ejea,  when  present,  are  aggregates  of  ocelli  aitaated  on  the  sides 
of  the  bead.  There  are  seven  thoracic  segments,  the  appendages 
of  which  are  walking  feet  which  lack  exopodites.  The  abdominal 
appendages,  when  preaent,  are  always  biramons,  the  telson  never 
bearing  appendages,  and  in  the  Amphipods  is  greatly  reduced, 
sometimes  being  split  nearly  its  whole  length. 

The  nervous  system  (figs.  75,  448)  is  of  the  ladder  type.  The 
alimentary  canal  is  straight  and  has  an  anterior  enlargement,  the 

1         f  i  ^ 


Fio.  ««.-Mala  OrfKeHia  cauimana.  <A(t«r  Nebeskl.)  a',  a'.  untennB  ;  oo,  anp, 
■nterlar  and  posterior  aortre;  c,  heart;  d,diB8ativo  tract:  g,  brain  aod  ore:  h. 
teat«B:lt.Bllla;h/.  moxllliMd;!,  Uvsr  m,  excretory  orKiiii:  n,  ventral  aerre  cord; 
o,  rudlraeiiUry  nvary:  iri,  tm  deferens  ;  i-Ki),  tWacic  feet;  J-J.  anterior.  (-«. 
posterior  abdominal  feet. 

chewing  stomach,  behind  which  empty  one  or  more  paira  of  long 
liver  tubes,  while  in  a  few  Amphipods  a  pair  of  excretory  tnbe«, 
the  so-called  Malpighian  tnbulea,  empty  into  the  intestine  near  its 
end.  Respiratory  and  circulatory  systems  vary  ao  that  they  are 
beat  deacribed  in  connexion  with  the  two  orders. 

Order  I.  AmpUpoda. 

The  Amphipods  are  almost  exclusively  aquatic,  a  few  species 

living  on  the  shore  near  high-tide  mark.      A  few  live  in  freah 

water  {Gammarus,  Allorckeslei-),  the  majority  being  marine.     On 

land  they  move  by  a  leaping  motion,  whence  the  common  name, 
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beach  fleas.  In  Bwimming  tlio  abdomen  ia  alteniately  bent  againBt 
the  breast  and  then  forcibly  Btraightened. 

The  body  JB  usually  Btrongly  compressed  from  Bide  to  side. 
The  thoracic  feet  generally  bear  large  epineural  plates  (fig.  433), 
vhich  extend  the  sides  of  the  body 
downward,  while  on  the  inner  side  t      , 

delicate  gills  or  gill  sacs  (fig.  449, 
^r)  arise  from  their  bases.  In  the 
female  brood  Umellse  {brl)  are 
added — broad  chitinoua  plates 
which  enclose  a  brood  chamber 
beneath  the  body  in  which  eggs  or 
young  are  carried.  The  three  an- 
terior pairs  of  abdomiaal  feet  are 
two-branched,  richly  haired,  and 
aerre  to  create   currents  of  water  S""-  **";7*^'?»^S5<="'"J  "'  AmphiM 

iCoTiipMMm\    {From  L»qk.  after  Di 

which  pass  forward  over  the  gills.      laao)    V.^thoraplo  lea;  (nn.  ventrbi 

'^  .    .  ,   ,        .       ,     ,  ntTve  cord;  hr.  branclilEB:  Jirt,  brood 

The       remamnig    abdominal    feet,       lamelU;cJ,lnteaHne;h.heftrt;I,llvBr; 

°  .in,  egga  iQ  brood  Ghamlwr. 

though   biramouB,  are  abort  and 

stoat  and  form  springing  organs.  The  position  of  the  gills 
explains  why  the  abdominal  part  of  the  heart  is  degenerate  and 
only  the  anterior  thoracic  portion  with  three  pairs  of  ostia  perBists. 

Sub  Order  I.  HYPERINA.  Large  head  and  eyes;  strong  pi-ehensile  feet. 
Live  attached  to  other  pelagic  animals  on  which  they  feed.  Hyperia 
mniasarum  *  lives  on  the  jelly  fish  Oyanea;  Phromma.*  warmer  Bcas. 

SubOrderll.  GAMMARINA.  Head  much  smaller;  abdomen  well  devel- 
oped; are  mostly  free  swimmers.     Numerous  species  in  the  sea.    Qam- 


PiK.  ISt.~-Oamnuina  oraatut.*    < From  Smith.) 

vtanu'  occurs  in  shallow  water,  some  being  fluviatile;  Orchestia'  above 

tide  marks.     Chdura  terebrans  *  destroys  piles  and  other  submerged  wood. 

Sab  Order  III.  LjEMODIPODA.     Parasitic  or  semi-psrasitic  forms  in 

which  the  first  (second)  somite  is  fused  to  the  head;  appendiiges  are  lacking 
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from  Bome  of  the  thoracic  aegmeDts  and  the  abdomen  is  reduced,    ^tecies 
of  Cbpre^*  are  oommoa  on  hydroids.     (T^miMoett  is  parasitic  on  whales. 

Order  n.  Iiopoda. 

The  laopoda  are  resdllj  diBtingnished  from  the  Amphipoda  by 
their  depressed  {i,e'.  horizontally  flattened)  bodies.  The  feet  are 
adapted  for  creeping,  and  a  brood  pouch  is  formed  as  in  the  Am- 
phipoda, but  gille  are  lacking  here  since  some  of  the  abdominal 
feet  are  modified  for  respiration  (fig.  451,  k).  In  the  abdomen, 
the  somites  of  which  exhibit  a  great  tendency  to  fusion,  the  telson, 
as  in  all  Malacostraca,  is  without  appendices;  the  sixth  somite 


ns.  ISl. — ^Kltiu  aquntlcHM.    (Fmm  LndwIg-LmiDis ) 

poach:   k,  pleopoda  modlQed  to  glllB;    md.  mandium: 

po'-pn*.  abdominal  feet  (pleopodal;  I-VI,  head;   VII-Xll 

y.IV.  XX,  aMamlnBl  8e?metit&  partlr  fused. 
Pio.  US.— Cpmufhoa  rnarpiHula.    (After  OerBtlcker.)   p*.  ilith  pleopod. 

bears,  in  the  walking  forms,  long  forked  appendages  (fig.  451);  in 
the  swimming  species  (fig.  452)  thoy  are  flattened  and,  with  the 
telson,  make  a  swimming  organ.  The  five  anterior  pairs  of  pleo- 
poda  are  modified  for  respiration,  by  the  expansion  of  the  endop- 
odites  into  thin-walled  plates,  while  the  exopodites  and  the  whole 
first  pair  serve  as  opercula  or  gill  covers.  As  a  result  of  this  p<Mi- 
tion  of  the  gills  the  heart  (usually  with  two  pairs  of  ostia)  is  ab- 
dominal In  position. 

In  the  terrestrial  species  the  gills  nre  adapted  for  breathing  damp  ur. 
In  PuroeUio  and  Armadilliditut  the  flraC  or  first  and  second  opercula  are 
permented  with  a  system  of  air  tubes,  which  physiologically,  tbongh  not 
morphologically,  are  comparable  to  the  trachefe  of  insects. 

lu  the  Isopoda  the  tendency  to  parasitism  is  greater  than  in  ihe 
Amphipoda.  Mnny  swimming  forms  attach  themselves  to  fishes  and 
foed  by  boring  with  their  moulh  parts,  which  are  modified  for  the  purpose. 
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into  tbe  skin.  The  Bopyridte  live  Id  the  braDchial  chamber  of  shrirAps, 
CryptonUait  is  ft  shapeless  sac  whicli  altaclies  iieelf  to  tbe  stalk  oE  Saani- 
lina  (p.  436),  and,  after  causing  the  death  of  this  parasite,  uses  its  network 
of  'nmta'  for  its  own  nourishment.      The  EnEonisoidn  (fig.  468)  attack 


ITia.  US.— SktonficiwiHirMlJaii 


Decapoda  and,  pressing  the  skin  before  them,  penetrate  the  interior.    Their 
strange  shape  is  lately  due  to  the  lobe-like  brood  lameltn.     They  are 
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usually  hermaphroditic,  but  have  besides  complemental  dwarf  males  (fig. 
453,  A). 

Sub  Order  I.  ANISOPODA.  Six  free  thoracic  segments;  heart  tho- 
racic; first  thoracic  foot  (ou  head)  chelate;  abdomen  with  swimming  feet. 
A  group  intermediate  between  Amphipoda  and  other  Isopoda.  Tafiais^* 
Leptochela  ♦  (fig.  454). 

Sub  Order  II.  EUI80P0DA.  Seven  free  thoracic  segments.  Oniscida; 
terrestrial,  familiarly  known  as  sow  bugs;  Ligia^  on  seashore;  PorcdUo^^ 
Oniscus*  Armadillidum*  *pill  bug/  AselliduE  (fig.  451),  fresh  water. 
SPHiEROMiDiE,  head  broad,  body  rounded  and  convex;  Sphasroma*  Ltm-- 
naria  lignorum*  (fig.  454),  the  gribble,  attacks  submerged  wood  and  is 
nearly  as  destructive  as  Teredo,  Idoteid^,  free-living,  marine,  with  usually 
elongate  bodies;  Idotea^*  CoBcidotea*  Bopyrid^,  parasitic  on  Car  idea; 
body  of  female  disc  like,  asymmetrical,  without  eyes;  Bopj/rus*  Ctmo- 
THOiD^,  parasitic  on  fislies  or  in  their  mouths.  Cymathoa^'^  Mg<L* 
Oirolatia* 

Sub  Order  III.  ENTONISOIDA,  parasites  whose  general  features  are 
described  above.    Entoniscus,  Cryptoniscus. 

Class  U.  Acerata. 

The  animals  comprising  this  group  were  formerly  divided 
among  the  tracheates  (p.  408)  and  the  Crustacea,  but  more  recent 
studies  show  that,  although  differing  widely  in  respiration,  the 
forms  included  are  closely  allied  in  structure  and  development  and 
present  many  differences  from  both  Crustacea  and  from  other 
tracheates  (Insecta).  The  former  views  were  based  upon  a  con- 
fusion between  analogy  and  homology,  it  being  thought  that 
tracheae  wherever  found  were  homologous  structures. 

In  the  Acerata  the  body  is  usually  divided  into  two  regions, 
cephalothorax  and  abdomen,  though  in  some  cases  (mites)  the 
two  regions  become  fused.  The  cephalothorax  consists  of  six 
somites  which  always  bear  appendages,  and  these  appendages  are 
arranged  in  a  circle  around  the  mouth,  the  basal  joints  of  one  or 
more  pairs  frequently  serving  as  jaws.  None  of  these  appendages 
are  like  antennae  (whence  the  name  of  the  group).  The  abdomen 
consists  of  a  varying  number  of  somites,  all  of  which  may  be  free, 
or,  again,  may  be  fused  into  a  common  mass.  These  abdominal 
somites  bear  appendages  in  the  embryo,  but  in  the  adults  (except 
the  Xiphosura)  these  are  usually  lost  or  so  modified  that  their 
existence  is  only  recognized  by  a  study  of  development. 

The  alimentary  canal  is  straight,  without  marked  enlargements, 
and  lacks  a  chewing  stomach.  The  liver  is  large  and  opens  into 
the  intestine  by  two  or  more  pairs  of  ducts.  The  nervous  system 
has  some  or  all  of  its  ventral  ganglia  arranged  in  a  ring  around  the 
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OBBophagne,  and  in  m&ny  formii  is  enclosed  in  tlie  ventral  artery. 
Excretory  organs,  in  the  shape  of  neph- 
ridia,  are  frequently  present  and  open  to 
the  eiterior  at  the  base  of  the  second  or 
the  fifth  pair  of  appendages.  Maipighian 
tubes  may  occur,  but  these,  nnlike  those 
of  other  tracheates,  are  entodermal  in 
origin  and  hence  not  homologona  witli 
them. 


FlO,  «6.— DlgMtlTO  tract  of  CltnitUt  artntntaria.  <Froni  Lang,  after  Dngta.)  n,  ab- 
domen;  an,  aaae-.  da,  dt.  diverticula  ('llTort  of  mldBut ;  g,  brain  j  vb,  rectal 
bladder  (stercoral  pocket) ;  vm,  eioretary  tabnlee. 

Tio.  iM.—l.aDa  hook  ot  Zillacadopht/la.  (After  Bertkan.)  a.  a  lung  leaf  aeitarated 
from  the  other  lekTea.  b  ;  tl,  spiracle. 

The  respiratory  organs  are  either  gills,  lungs,  or  tracheie.  The 
gills  are  borne  on  some  of  the  abdominal  appendages.  The  langa 
are  sacs  on  the  anterior  abdominal  somites  opening  by  narrow  slits 
(fig.  461)  to  the  exterior.  The  anterior  wall  of  each  lung  sac  is 
made  iip  of  thin  plates  arranged  like  the  leaves  of  a  book,  and  em- 
bryology shows  that  these  lung  books  are  gill  books  drawn  into  the 
ventral  surface  of  the  abdomen.  The  tracheae  in  development 
paaa  through  a  gill-stage  and  a  Inng-stage,  the  tracheal  tubes  being 
outgrowths  of  the  spaces  between  the  lung  leaves  which  penetrate 
all  parts  of  the  body. 

The  reproductive  openings  are  on  the  basal  somite  of  the  abdo- 
men. The  spermatozoa  are  motile.  The  development  is  direct, 
there  being  no  metamorphosis. 

Sub  Class  J.    Qigantostraca. 

Marine  forms  with  gills  on  the  2-6  abdominal  appendages; 
bases  of  five  pairs  of  ccphalothoracic  feet  masticatory;  a  pair  of 
meditn  ocelli  and  a  pair  of  compound  eyes  on  the  cephalothorax. 
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Order  I.  ZipliMiira. 
Cephalothorax  large  ;  abdomen  terminated  by  a  long  Bpiniform  telson. 
JAtrudus  polyphemua  of  our  east  ooaat,  commonly  known  ns  Icing  crab 


Fio  467.  Fio.<». 

Pw,  *K.— I*nuJHipolHAemu».«horBeBhoecr»b(oriB.), 

Fra.  166.— Ventral  tartane  of  Limvlut  mobicm^tii.  (From  Ludwig.Lenikla.)  I. 
ofaellqene;  *-«,  walking  feet  1  e.pDBhlng  foot;  s*. fiabellum ;  7,  geDltil  opercnlain  : 
3.Bll]s<tliereBhoiildbe  aTeliS.baaeof  teUoo. 

or  horseshoe  crab.  Other  speciee  on  eastern  shore  of  eastern  continent. 
Tbey  bnrrotf  beneatfa  the  sand  and  mud  of  the  bottom  and  feed  on  worma. 
In  the  Bptiog  they  come  to  the  shore  to  lay  eggs. 

Order  n.  BnTypterldx. 
Extinct  Silurian   and  Devonian  forms  with  small  cephalothorax  and 
large  tire!  ve- join  ted  abdomen.     Tbe  animals  are  intermediate  between  the 
xiphoeures  and  the    scorpions.    Suryptenu;  Pterygotut.  some   species 
seven  feet  long. 

Sub  Class  II.  Arachnida. 

Under  this  name  are  included  a  number  of  orders  of  greater  or 
less  extent  which  can  be  arranged  aronnd  the  spiders,  or  Aranea, 
aa  a  centre.  There  is  considerable  modification  of  form,  and  the 
following  account  applies  only  to  the  more  typical  groups.  In 
these  the  cephalothorax  and  abdomen  are  separated  by  a  distinct 
line,  and  since  the  abdominal  appendages  almost  entirely  disappear 
in  tbe  adult,  the  number  of  somites  can  only  be  ascertained  where 
their  boundaries  are  evident.  The  number  Tariea  between  six  in 
the  phalangids  and  thirteen  in  the  ecorpions. 

The  cephalothorax  is,  except  in  the  Solpugidn,  a  single  piece 
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which  bears  six  pairs  of  appendages;  the  four  posterior  pairs,  con- 
sisting typically  of  seven  joints,  are  locomotor,  so  that  the  posses- 
sion of  eight;  legs  ia  as  characteristic  for 
an  arachnid  aa  ten  for  a  decapod  or  siz 
for  a  hexapod.  The  first  pair  of  append- 
ages, the  chelicera  (fig.  459),  are  preoral, 
the  second,  or  pedipalpi,  beside  that  open- 
ing. The  chelicerse  are  short  and  con- 
sist of  two  or  three  joints,  tlie  terminal 
joint  either  folding  back  upon  the  other 
or,  pincer-like,  meeting  an  opposable 
thumb.     In  the  spiders  the  last  joint  or 

,         .      ,  ■,-,,■  •    .       J       •         Fi».  4M.— Mouth  p«rta  of  Ekwf™, 

claw  la  forced  into  the  prey,  introducing  i,  chelloera;  »,  potllpalpl;  p 
_   ■  t  ■      iL      v       1    ■   ■    i        palpus;  I,  bMul  plate, 

poison  from   a   sac  in  the  basal  joint. 

The  pedipalpi  are  elongate,  leg-like,  their  basal  joints  often  form- 
ing a  lip,  the  other  jointa  forming  the  palpus,  which  may  end  with 
a  claw  or  a  pincer. 

The  question  lias  often  beea  discussed  as  to  whether  the  chelicene  are 
the  homologues  of  the  antennie  of  other  arthropods.  The  embryologioal 
evidence,  which  cannot  be  detniled  here,  is  in  favor  of  tbeirequiTaleooe  to 
tbe  second  antenna  of  tbe  Crustacea,  and  to  the  mandiblea  of  insects. 

Since  the  Arachnida  usually  suck  their  food,  the  oesopbagne  is 
frequently  widened  to  a  sucking  stomach,  behind  which  comes  the 
true  stomach,  with  which,  as  well  as  with  the  intestine,  a  number 
of  so-called  liver  tubes  may  arise  (fig.  455,  da,  dt).  These  may 
be  restricted  to  the  abdomen  alone,  as  in  the  scorpions.  The 
hinder  part  of  the  intestine  is  often  enlarged  into  a  rectal  Tesicle 
(stercoral  pocket),  just  in  front  of  which  the  excretory  tubules  (so- 
called  Malpighian  tubules)  empty.  These  resemble  the  true  Mal- 
pighian  tubes  of  insects  in  function,  bat  differ  in  being  entodermal 
in  origin.  Besides  there  also  occur  coxal  glands  (modified  ne- 
phridia),  of  which  only  one  pair  comes  to  development,  and  this 
may  lose  its  external  opening  on  the  base  of  the  appendage. 

The  oesophagus  is  always  closely  surrounded  by  a  nerve  ring 
composed  of  brain  above  and  of  part  of  the  ventral  chain  on  the 
sides  and  below,  the  thoracic  and  more  or  fewer  of  the  abdominal 
ganglia  entering  into  its  composition  (fig.  405,  D).  Of  sense  organs, 
besides  tactile  hairs,  only  the  eyes  (fig.  406),  2-13  in  number,  aro 
well  known.  Hearing  is  well  developed ,  but  it  is  uncertain  whether 
certain  hairs  on  the  legs  and  palpi  are  the  seats  of  the  recognition 
of  sound.  The  function  of  the  '  lyriform  organs,'  which  occur  in 
the  skin  of  body  and  legs  in  several  groups,  is  nnknown. 
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The  respiratory  organs  already  alluded  to  (p.  443)  liave  their 
spiracles,  always  few  in  namber,  on  the  anterior  ventral   part  of 
the  abdomen  and,  it  is  stated,  sometimes  on  the  cephalothorai. 
The  internal  organs  are  the  lungs  and  the  tracheje.     A  lung  is  a 
rounded  sac  just  inside  the  spiracle  and  consists  of  numerous  leaves 
on  the  anterior  wall  of  the  lung  sac.     Each  leaf  is  covered  on  each 
side  by  a  thin  layer  of  cliitin  and  contains  s  blood  space  in  its  in- 
terior, while  between  the  leaves  are  flattened  spaces  into  which  the 
air  enters  (fig.  456).     The  trachete,  on  the 
other  hand,  are  branched  tubes  arising  from 
the  abdominal  spiracles  and  penetrating 
the  abdomen  (fig.  460).     These  are  lined 
with  chitin,  and  to  strengthen  them  with- 
out undue  thickness  this  lining  is  thrown 
into  folds,  usually  arranged  in  a  spiraL 
In    the  scorpions  and   tetrapneumonons 
Araneina    only   lungs   occur.      In   other 
spiders  one  pair  of  lungs  is  replaced  by 
trachea,  while  in  most  other  arachnids  only 
tracheae  occur.     (The  smaller  mites  and 
Pro.MO.—BeRinniDKotiHLired  parasites  lack  specialized  respiratory  or- 
(Hni...   (After Bertkan.)  «(,  gans    and    Circulatory   organs    as   well.) 
unpaired  gpiracio.  ^j^^^  j^^.^^^  ^^^  ^^^  embryologlcal  con- 

ditions, show  that  lungs  and  trachete  are  morphologically  equiva- 
lent. The  localization  of  respiration  in  the  abdomen  has  resulted 
in  having  the  heart  in  the  same  region.  It  is  noticeable  that,  as 
the  trachete  are  developed,  the  circulatory  vessels  are  reduced.  In 
the  scorpions,  which  have  only  lungs,  the  circulation  is  most 
nearly  complete. 

In  development  the  arachnidan  Iracbete  arise  from  tbe  abdominal 
appendages,  rs  do  the  Inngs.  (In  the  3olpugid»  and  some  mites  cephii- 
lothoracic  trachete  occur,  but  nothing  is  known  of  their  development^ 
This  fact  shows  that  they  are  entirely  different  in  origin  from  the  trachea 
of  insects,  while  uamtwrless  details  show  that  these  structures  are  only  to 
be  compared  with  tbe  gills  of  Limulns. 

The  gonads  (only  the  Tardigrades  are  hermaphroditic)  are 
abdominal  in  position  and  open  by  paired  ducts  (sometimes  with  s 
single  month)  on  the  first  abdominal  somite.  In  most  cases  the 
animals  are  oviparous,  but  the  scorpions  and  many  mites  bear  liv- 
ing young.  In  many  instances  the  mothers  care  for  their  eggs  and 
young,  the  scorpions  carrying  their  families  on  their  bodies.  Only 
rarely  is  there  a  metamorphosis,  and  then  in  the  aberrant  forms 
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like  the  Lingaatnlida  and  Acarina,  where  the  young  have  but  two 
or  three  pairs  of  appendages,  acqniriDg  the  others  later. 

Legion  I.  Arthrogaatrida. 

Araohnida  in  which  the  abdominal  somitee  are  distinct. 
Older  I.  ScorpionidA." 

The  scorpions  bear  a  saperficiol  resemblance  to  crayfish  and  for 
a  long  time  were  associated  with  them,  aince  (fig.  402)  they  have 
four  pairs  of  walking  feet  (3-6),  while  the  pedipalpi  (2)  are  large 
and  bear  pincers.  The  chelicerse  are  also  chelate.  The  pedipalpi 
and  the  two  anterior  pairs  of  legs  have  the  basal  joint  expanded 
for  chewing.  The  pecnliarities  of  the  abdomen  mark  the  group 
off  from  all  other  arachnids.  It  consists  of  seven  broader  somites 
attached  by  their  whole  width  to  the  cephalothorax  and  behind 
six  narrower  somites,  forming  a  tail  or  postabdomen.  The  last 
somite  is  bent  ventrally  in  a  sharp  spine  and  contains  two  large 
poison  glands.  It  is  the  '  sting '  of  the  animal,  which,  in  the  case 
of  the  small  species,  causes  painful  wounds  in  man ;  and  in  the 
large  tropical  species  is,  perhaps,  fatal.  Usually  scorpions  feed 
upon  insects,  which  they  seise  with  the  pincers,  and,  arching  the 


Fm.  tn.— Under  mrfaoe  of  motpIqd,  abowlna  the  comba  nnd  the  ontUnea  of  the  Inng 
■acH  with  their  spn'aclea  (orl|[.). 

tail  over  the  back,  kill  with  the  sting.  On  the  ventral  surface  of 
the  second  abdominal  somite  (fig.  461)  are  a  pair  of  appendages, 
the  combs  or  pectinee;  rods  with  teeth  on  one  side  of  uncertain 
function.  They  are  clearly  appendages  with  modified  gill  leaves, 
and  from  their  neamefla  to  the  sexual  opening  and  their  rich  nerve 
eupply  are  supposed  to  be  stimulating  organs  in  copulation.     The 
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next  foDT  segmentB  bear  apirscles  vhich  lead  to  four  pairs  of  long 
sacs.  The  heart  is  abdotniQal  and  the  '  liver '  diverticala  are  con- 
fined to  the  same  region.  The  Urge  number  of  abdominal  ganglia 
distinct  from  the  ceaopbageal  ring  is  also  charaoteriBtic.  Front 
three  to  six  pairs  of  ejes  occnr. 

The  soorpJODB  ara  iahabitants  of  warm  regions,  raaging  north  vith  ns 
to  the  Carolinas  and  Nebraska.    Sulhus,"  Centrurua.* 

Older  n.  PhiynoidM  (Podipalpi,  Tbelypbonlda). 

The  thoracic  segments  are  fased,  and  of  the  appendages  only 
the  last  three  are  walking  feet,  the  third  pair  having  the  last 
joint  (tarsus)  developed  into  a  long  many-jointed  tactile  flagel- 


FlO.  Mt— fhrynw (PhryiiicJua)  reni/oimit.    (From  8ohiiuud&.) 

Inm.  The  chelicene  are  strong  and  spined,  but  end  in  a  claw,  not 
in  a  pincer.  The  chelicerse  are  also  clawed  and  are  possibly  poisoQ 
organs,  since  the  bite  of  these  animals  is  feared.  The  abdomen 
consists  of  eleven  or  twelve  somites  and  contains  two  juirs  of  lungs. 
There  are  eight  eyes—  two  large  ones  in  the  middle  of  the  cephalo- 
thorax,  and  three  small  ones  on  either  side. 

Tlie  species  are  tropical.  Phi-ynua  (fig,  4S2)  has  a  simple  abdomen  ; 
Thdyphonui*  (flg.  405,  D)  has  a  aliort  pottabdomen  whicli  bears  a  long, 
many-joinled  thread.    One  species  ia  the  southwestern  United  States. 

Older  m.  Microtlielyplionlda. 
Small  animals  as  yet  known  only  from  Texas,  SicUy,  Paraguay, 
and  Slam.  They  have  a  general  resemblance  to  a  scorpion,  the 
chelicerse  are  three-jointed  and  chelate,  the  pedi palpi  simple,  neither 
these  nor  any  of  the  legs  having  chewing  lamelhe.  The  head  is 
distinct  from  two  'thoracic  segments,'  the  abdomen  is  eleven' 
jointed  and  is  terminated  by  a  long  many-jointed  caudal  flagellnm. 
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Lnng  sacs,  which  are  true  appendages  without  lung  leaves^  occur 
on  abdominal  segments  four  to  six^  and  are  eversible.     The  ovary 


Fio.  488.— JTomcnia  wKeeieri,*    (From  Wheeler.) 

is  unpaired)  the  testes  paired.  There  is  a  circumoesophageal  nerve 
ring  and  a  single  abdominal  ganglion.  No  Malpighian  tubes 
occur.     KcBuenia.^ 

Orderly.  Solpngida iSolifafs). 

In  these  the  cephalothorax  is  broken  up  into  a  head  bearing  the 
chelicerse,  pedipalpi,  and  the  first  pair  of  legs;  and  three  posterior 
free  somites,  each  bearing  a  pair  of  legs,  thus  giving  these  forms  a 
certain  resemblance  to  the  Hexapoda  {infra).  The  chelicer»  are 
strong  and  chelate,  the  pedipalpi  are  simple  and  are  used  in  walk- 
ing, while  the  first  pair  of  legs  are  tactile.  Respiration  occurs  by 
four  pairs  of  tracheae,  the  first  of  which  opens  between  the  first  and 
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second  '  thoracic  *  somites,  a  condition  wliich  deserves  embryologi- 
cal  inrestigatioD.  The  abdomen  conaistB  of  nine  or  ten  somites, 
and  the  head  bears  two  ocelli. 

As  the  name  implies,  the  Solpugtd»  are  nocturnal,  living  by  day  iu 
holes  in  the  sand  and  searching  for  tbeir  prey  at  nigbt.  In  the  Old  World 
they  are  reputed  as  poisonous,  but  no  poison  glands  occur.  Warmer  parts 
of  U.  8.    Solpaga,"  ealeodei,*  Dalamea  *  <flg.  484), 


ihellcene :  f.  padlpalpL 
Older  T.  Pwndoacorpii. 
These  small  forms  resemble  the  trae  scorpions  in  the  cliclate 
chelicene  and  pedipalpi  (fig.  4C5),  and  in  the  abdomen  joined  by 
its  whole  breadth  to  the  thorax.  Tliey  differ  in  the  lack  of  poet- 
abdomen  and  sting.  They  breathe  by  trachete;  have  from  two  to 
four  ocelli,  and  ginning  glands  opening  ob  the  second  abdominal 
somite. 

These  aniraats,  3-3  mm.  long,  live  in  moss,  etc.,  and  among  old  and 
dusty  books,  where  they  feed  ou  mites  and  minute  insects.  Tbeir  bodies 
are  flattened  and  they  run  sidewise.     Ckdi/er,*  Obisium,' Cbemea.* 

Order  VI.  PhaUoKida.  ^ 

The  abdomen  in  the  harvostmau,  or  'daddy  lonf;  legs,' is  less 

evidently  segmented  than  in  the  forms  already  mentioned,  uor  is 

it  sharply  distinct  from  the  cephalothorax.     The  small  body  bears 

four  pairs  of  exceedingly  long  legs;  the  chelicene  are  drawn  out 
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in  long  borny  processes;  the  pedipalpi  are  tactile  organs  as  in  the 
true  spiders.     The  males  possess  a  long  penis,  and  the  females  a 


Fia.  U8,— A  phalADgtd  UjInK  eggs.    (After  ^Nik|n^.) ' 
long  ovipositor  (fig.   466).      They  have  two  or  four  oostii  and 
breathe  by  tracheie.  .       ■ 

These  largely  nocturnal  animals  nre  predaceous,  feeding  upon  bdi^II 
mitea.  In  structure  they  form  in  some  ways  an  approacti  lo  thft- 
Acarina.     IVialangium,*  Liobunum.* 

Legion  II.  Spharogasirida.' 

Aracbnida  with  the  abdominal  somites  fused  so  that  no  tmcef 
of  segmentation  remain. 

Order  I.  AiuteiiiA.  '   . 

In  the  spiders  the  soft-skinned 
body  is  divided  by  a  deep  con- 
striction into  cephalothorax  and 
abdomen  (fig.  467).  The  four  pairs  > 
of  legs  are  adapted  for  springing 
or  for  walking,  the  hinder  pair 
being  also  accessory  to  the  sp 
ning.  It  bears  a  comb-like  claw 
with  which  several  threads  are 
combined  into  a  stronger  cable. 
The  chelicera  bears  a  sharp  claw 
(fig.  459),  traversed  by  the  duct 
of  the  poison  gland  with  which  the 
prey  is  killed,  although  but  few 
(species  of  Latrodectei,  fig.  468,  Fia 
the  tarantula,  and  the  bird  spiders, 
Mygalidffi)  can  injure  man.      The  pedipalpi  are  used  as  feeling. 
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organs  and  with  the  basal  maxillary  process  to  comminute  the 
food.  In  the  male  the  pedipalpi  have  the  terminal  joint  swollen 
to  a  pear-shaped  structure  (fig.  469)  by  which  the  sexes  are  easily 


-/ 


FlQ.  408.  Fio.  4W  Fio.  47a 

FlO.  4S^—Lairodectea  martnun*  poison  spider.    (After  Marz.) 
FlO.  409.— Pedipalp  of  I^ardoan  unctittu    (After  Emerton.) 

Fio.  470.~Spinneret8  of  Bpeim  tU'adema.     (After  Warburton.)     i,  f,  5,  first,  second, 
and  thira  spinnerets;  /,  threads. 

distinguished.  This  is  used  to  convey  the  spermatozoa  to  the 
female,  a  rather  dangerous  process,  as  the  male  is  apt  to  be  killed 
by  the  much  stronger  mate. 

At  the  hinder  end  of  the  abdomen,  just  in  front  of  the  anus, 
are  the  spinnerets,  which  are  reduced  appendages,  as  is  shown  by 
their  paired  arrangement  and  their  jointing  (fig.  470),  as  well  as 
by  development.  They  are  truncate  and  have  at  the  tip  a  '  spin- 
ning field'  from  which  numerous  minute,  two-jointed  spinning 
tubes,  resembling  hairs,  arise,  each  of  which  is  the  end  of  a  duct 
of  a  silk  gland.  Different  kinds  of  glands,  producing  silk  for  differ- 
ent purposes,  occur.  The  number  of  spinnerets  varies  between  two 
and  three  pairs,  and  in  front  of  these  may  be  an  unpaired  spinning 
region,  the  cribrellum,  so  that  hundreds  or  even  thousands  (Epei- 
rid»)  of  glands  may  be  present. 

The  secretion  of  the  glands  hardens  in  contact  with  the  air,  and  the 
single  tlireads  are  united  by  the  coml)s  of  the  hinder  feet  into  a  larger  oonl 
which  can  be  regulated  in  size  according  to  the  nunaber  of  glands  which 
are  active.  Yet  the  largest  cord  is  finer  than  the  finest  silkworm  silk, 
hence  it  is  often  used  for  the  cross-hairs  of  telescopes.  The  spider  silk  has 
many  uses;  it  is  used  to  line  the  nests,  to  form  cocoons  for  the  eggs,  as  a 
means  of  descent  from  high  places,  and  to  form  the  well-known  webs. 

The  nervous  system  consists  of  a  brain  and  a  circumoesophageal  ring, 
and,  in  the  ]ij[ygalid8B,  a  single  abdominal  ganglion.  The  arrangement  of 
the  six  or  eight  ocelli  and  the  relative  lengths  of  the  legs  are  matters  of 
systematic  importance.  Two  pairs  of  respiratory  organs  occur.  In  the 
Tetrapneumones  there  are  two  pair  of  lungs,  but  in  the  Dipneumones  the 
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hinder  pair  are  replaced  by  trachete,  whidi  may  opea  by  separate  spiraLles 
(TetraHtiota)  or  by  a  common  opening  (Tristicta,  fig.  460). 

Sub  Order  I.  TETKAPNEUM0NE8.  Four  lungs,  four  spionents  and 
eight  eyes  in  ttro  rows.  The  UYOALtDiSare  the  most  important  group,  large 
forms  which  spring  upon  their  prey,  capturing  even  small  birds  and  mice. 
To  the  genus  ifiiffofe"  belong  the  spiders  (commonly  but  erroneously  called 
tnrantulna)  which  occur  in  banana  bunches.  Here  also  belong  the  trap- 
door spiders,  Cteniza,*  of  the  southwest,  which  excavate  burrows  in  the 


Fio.  4T1.— C(eiM"to  camt ._ „ _, 

with  pUocB  for  the  olawa ;  e.  en  oocoan. 

soil,  line  Ihem  with  ailk,  and  close  them  with  a  hinged  lid  (flg.  47]>. 
Atvpu».' 

Sub  Order  II.  DIFNETJHONES.  One  pair  of  lungs,  one  of  trachea; 
six  spinnerets.  Here  belong  most  of  the  native  and  numeroos  trot)ieal 
species.  Some  {VAGABONDS)  use  their  webs  only  to  line  tlie  nests  and 
enclose  the  eggs,  which  are  either  hidden  away  or  carried  about  attached  to 
the  body,  while  tbey  spring  upon  or  ciiase  their  prey.  SEDENTARIA  are 
the  web  bnilders,  their  webs  varying  widely  in  structure.  Of  the  first 
group  the  Saltigrada  include  forms  which  jump  upon  their  prey  {Atttu,* 
J^iidippHB*  Habi-oeerUntm^),  and  the  Citigrada  {Lyoosa,*  DoloTneda,*' 
TrocJioaa  •),  which  run  their  prey  down.  Among  these  is  the  true  Taran- 
tula, T.  apulia  of  Italy,  whose  bite  was  onco  believed  lo  cttuse  n  frenzy  only 
to  be  cured  by  peculiar  music('Titrantello').  The  Sedenlaria  are  divided 
according  to  the  web-buikling  habits-  Tho  Orbitelaria  or  orb  weaverB. 
{Epeira*  Argiope*)  form  veriical  webs  which  in  many  instances  are  com- 
plete circles.  The  RETiTELARi.fi  (Theridium*  Erigone*)  build  irregular 
webs.  The  species  of  I^rodectes  *  are  reputed  poisonous  to  man  fflg. 
468).  The  TuBiTEi.ARi£  build  horizontal  webs  with  a  tube  to  the  mai^ 
gin  in  which  they  lay  in  wait  for  insects. 

Order  11.  Acarina. 
The  mites,  partly  from  parasitiBm,  partly  from  other  conditioDS 
of  life,  have  become,  in  some  instances,  considerably  modified. 
With  the  fusion  of  cephalothorax  and  abdomen  the  last  traces  of 
segmentation  in  the  body  are  lost.  Yet  they  retain  the  six  pairs 
of  appendages — four  pairs  of  legs  which  at  once  distinguish  them 
from  the  parasitic  hexapods;  and  two  pairs  of  mouth  parts,  modi- 
fied into  a  sucking  beak.     This  consists  of  a  tube  formed  by  the 
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1>asal  joints  of  the  pedipalpi,  id  which  tbechelicene,  either  chelate, 
clawed,  or  stylet-like,  play. 

Since  the  mites  are  small  and  half  or  wholly  parasitic,  they  are  modi 
afmpli&ed  ia  structure.  Frequently  heart  and  trachea  are  lacking.  TIk 
larva  as  it  escapes  from  the  egg  lacks  the  last  pair  of  legs  and  then  closeli 
resembles  certain  imperfectly  segmented  parasitic  insects  like  the  lice. 

The  red  mites  orTBOiiBii)iiD£  and  the  water  mites,  Htsrachnid^  (/Ty- 
■dradina,*  Atax  *),  are  freo-living  in  the  adult  condition,  but  parasiiie  M 
young.  The  Ixodidai  or  tick8(/:co<ies*),  live  in  woods  or  on  bushes,  ali.icl; 
man  and  othei' msmmals,  burrowing  beneath  the  skin,  sucking  the  blood  an- 
li\  they  become  enormously  swollen  and  fait  oO.     The  much  smaller  mnles 


Fis.  iTi-^Demodtx  fotliculoru 

are  attached  to  the  females  and  take  no  food.  Argas  persiaa,  of  eastern 
lands,  with  habits  like  a.  bedbug,  is  poisonous.  The  GiKHiDM  are  poi"' 
■silie,  species  of  Oamoiiw'occurringon  beetlesand  Dermarij/ssas*  nw  bii<i- 
The  ACitttox  include  permanent  parasites  like  Saroaptes  acabei*(6g.  4T^>. 
the  canse  of  the  'itch,'  and  the  closely  allied  cheese  mite.  The  foUicl'' 
mite,  Deiiwdex  foUiculorjtm,*  lives  in  the  sebaceous  glands  of  vnrioui 
imammals,  including  man  (flg.  473). 

Order  HI.  Llngnatnlida. 

Elongate  mites  like  Demodex  lead  to  the  Lingnatnlida,  wliloh 
as  adults  live  in  the  frontal  sinuses  of  carnivoroas  mammals,  as  en- 
cysted young  in  the  liver  of  herbivorous  forms,  especially  rodents 
The  body  ia  long,  flattened  and  ringed,  and  hence  somewhat  tape- 
worm-like (fig.  112),  The  adults  have  the  mouth  at  the  base  of 
a  cliitiiious  capsule,  and  on  either  side  aro  two  hooks  regarded  »s 
the  claws  of  the  first  and  second  legs.  Inside  the  body  is  a  spu- 
cions  cavity  traversed  by  the  alimentary  canal  which  is  without 
appendages.     The  nervous  system  is  largely  a  circumcesophsgeal 
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ring;  the  sexual   organs  are  Tery  complica.ted,  the  nu^  having 
the  openingB  in  front,  the  females  at  the  hinder  end. 

Tbe  presence  of  these  parasites  in  animals  causes  a  profuse  catarrh, 
and  the  eggs  pan  out  with  (he  mnona.    Falling  on  v^^tatioo,  these  are 


Pio.  1T4.  Fio.  475. 

Fia.  4'!.— Larrn  of  PtHliutomuia  probotcidevni.  (After  Stiles.)  rl,  stomach  i«,  glsnd 
cells :  ni,  moutli ;  it.  stylet ;  V,  posierlor  larral  hooliB  :  I,  t,  legB. 

Fio.  K&.-ltacrubinlut  hufAandi,  water  bear.  (After  drawlntn  by  Oreef  und  Plate.) 
I-IV,  legs  :  d,  accesBory  glBDds:  m.  stomach;  mk,  moath  capaale  ;  ov,  ovary;  tp, 
i&UTary  k1*i><Ih  '•  ''<  strlets;  vm,  eicretflrjr  tabulas;  blood  cells  In  the  body. 

liable  to  be  eaten  by  various  aaimala.  The  larrse  (flg.  474)  have  a  boring 
appaifttus  in  front  and  two  pairs  of  legs,  the  latter  being  lost  in  the 
metamorphosis  except  for  the  hooks.  It  is  by  no  means  certain  that 
these  are  degenerate  arachnids.  The  points  in  favor  of  such  a  position 
are  about  eqnally  t>alanced  by  those  against.     Pentaatomum. 

Usually  associated  with  the  Arachnida  are  two  other  groups  of  very 
doublfnl  position,  which  until  more  definite  knowledge  is  obtained,  may 
remain  uear  them. 

Tardigrada. 

These  are  minute  fresii-wnter  forms,  known  to  microscopista  as 
'water  bears'  (fig.  475),  which  owe  their  natne  to  their  slow  motions. 
Hiey  have  four  pairs  of  short,  hooked  \ef^,  their  sole  Arachnidan  charac- 
ter. The  genital  ducts  empty  into  the  rectum  ;  the  nervous  system  has 
four  ventral  ganglia  ;  heart  and  respiratory  organs  are  lacking.  In  do 
velopment  they  are  remarkable  for  the  large  ctelomic  ponches.    In  the 
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feet  are  glands  recalling  nephridia  in  their  history*     It  is  possible  that 
these  animals  are  to  be  placed  among  the  Ccelhelmintbes.    Macrobiotus.* 

Pycnogonida  (Pantopoda). 

These  marine  animals  have  a  cylindrical  body,  with  a  tubular  probos- 
cis in  front  and  an  abdominal  appendage  l^ehind,  and  four  pairs  of  very 
long  legs.  In  front  of  the  legs  is  a  pair  of  small  chelate  appendages  and 
usually  a  pair  more  like  pedipalpi.  In  the  male  there  is  an  additional 
pair  of  '  ovigerous '  legs  to  which  the  eggs  are  attached  after  being 
deposited  by  the  female,  thus  giving  a  total  of  seven  appendages,  a  num- 


FlO.  iK^—Nymphon  strcemii*  {orig.),    e,  chelicem  ;  o,  ovlgeroas  legs;  p,  pedipalpi ; 

r,  rostrum. 

ber  not  reached  in  any  arachnid.  Diverticula  of  the  stomach  extend  into 
the  legs ;  a  heart  is  present,  but  respiratory  organs  are  lacking.  The 
Pycnogonids,  which  creep  slowly  over  seaweeds  and  hydroids,  may  be  (1) 
a  distinct  group  of  arthroproda,  or  (2)  modified  arachnids,  or  (3),  and  less 
probable,  Crustacea.     Nymplion*  Phoxichilidium*  Oolossendeis* 

Class  III.  Malacopoda  (Protracheata). 

These  forms,  including  only  a  single  family  PERiPATiDiE,  show 
a  strange  mixture  of  annelid  and  arthropodan  (or 'trachea te') 


Fio.  i77. —PeripcUus  caperutUt.    (From  Balfour,  after  Moseley.) 

characters,  so  that  they  are  usually  regarded  as  representatives  of 
the  stock,  early  separated  from  the  annelids,  from  which  the  Insects 
have  descended.  They  recall  the  annelids  by  the  presence  of 
nephridia,  so  characteristic  of  that  group,  which  begin  by  a  closed 
vesicle  (reduced  coelom),  pursue  a  short  course,  and  expand  into  a 
urinary  bladder  before  opening  at  the  bases  of  the  legs  (fig.  478, 
so).     On  the  other  hand  they  possess  tracheae,  long  unbranched 
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tubes  which  arise  in  namberB  from  the  spiracles,  which  are  irrega- 
larly  dietribated  in  each  somite  (fig.  478,  ^r). 


Fu.  478.— Anatomr  of  female  Ptripalut  opened  doruUy.  (Fmin  flKiireB  of  Hoaeltf 
and  BKlfonr.)  a,aiiiu;  af.  anteunie  :>>>•>.  Teutral  nerra  cords:  a,  dlKasClTe  trkot; 
IT".  Keoltal  op«niaK;  o,  oTi.TTi  na,  brB<n  :  p.  phiuTiii ;  id,  Hllme  glaad  ;  *u,  n»> 
pIiHal& ;  tp,  tmUva-Tj  timiA;  (t,  trachea ;  u,  ut<ra». 

The  Boft-skinnod  body,  which  shows  no  external  rin^ng,  bears 
the  legs,  each  terminated  by  claws.  These  legs  somewhat  resemble 
the  annelidan  parapodia  in  tbat  they  are  not  jointed  and  are  not 
sharply  separated  from  the  trunk.  Each  segment  bears  legs,  while 
tbo  head  is  provided  with  three  pairs  of  appendages:  a  pair  of 
ringed  anteniue,  a  pair  of  mandibles,  which  lie  in  the  oral  cavity, 
and  a  pair  of  month  papillie,  at  the  tips  of  which  are  the  openings 
ot  the  slime  glands,  the  sticky  secretion  of  which  is  squirted  out 
and  serves  to  capture  insects  (fig.  478,  sil). 

The  nervous  system  consists  of  a  pair  of  cerebral  ganglia  {pg), 
sapplying  the  antennn  and  a  pair  ot  very  primitive  eyes;  and  a 
pair  of  ventral  cords  (6wi),  swollen  slightly  in  each  segment,  which 
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connect  dorsal  to  the  anue  and  are  connected  in  the  trank  bj 
numerous  non-Begmental  conunissares. 

Tbe  description  may  be  completed  by  aaying  that  Ibe  straight  alimeot- 
ftry  canal  (p  and  d)  bears  only  salivary  glands  (jrp)  ;  that  it  is  accompaaied 
throughout  by  s.  dorsal  heart ;  that  the  gonads  (the  sexes  are  separate) 
open  just  in  front  of  the  anus  (go),  tbeir  ducts  being  modiQed  nephridio. 
The  animals  are  riviparous,  live  in  decaying  wood,  hide  by  day  and  bnol 
tbeir  prey  at  night.  The  several  species  have  a  wide  but  discontinuoos 
distribution  (South  America,  Cape  of  Good  Ilope,  New  Zealand,  etc.),  an 
Indication  o[  great  antiquity.  Keceotly  the  forms  have  been  divided  into 
several  genera,  Feripattia,  Feripatopsi»,OpUihopattis,  etc 

Class  IV.  Insecta. 

The  Insecta  is  a  distinct  group  marked  off  from  all  other 
arthropods  by  several  important  charactere. 
The  appendages  show  no  signs  of  a  schizo- 
podal  condition.  The  head  is  always  s 
distinct  region,  bearing  a  single  pair  of 
antenns,  a  pair  of  mandibles,  and  two  pairs 
of  maxillfB,  the  posterior  pair  often  being 
fused  into  a  lower  lip  or  labium. 

The  respiratory  organs  are  trachea  (figs. 
1  479,   480),  which  resemble  the  trachea  of 


no.  470— Tracheal  ajtima  at  MadiSil.    (FTom  Lans.  aft«r  Ondemans.)   It.  heul: 
I-IIh  thnraclc  eomltes;  «,  spiracles;  t-to,  abdominal  somites. 

no.  480.— Portion  of  t] — ' —   "•  — — '""     '" "— 

BtCD.  brsnchos:  c 
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man  only  in  that  they  are  tubes  filled  with  air,  and  kept  from 
collapse  by  firm  walls.  They  open  to  the  exterior  by  openings 
{spiracles,  stigmata)  on  the  sides  of  the  body.  They  are  inpushings 
of  the  skin  and  consequently  have  the  same  structure,  an  epithe- 
lium and  an  outer  chitinous  layer.  The  latter  lines  the  lumen 
of  the  tubes,  and  since  it  must  be  thin  to  permit  the  passage 
of  gases  (oxygen,  carbon  dioxide),  and  at  the  same  time  firm, 
to  keep  the  tubes  open,  it  is  thrown  into  folds  which  usually 
pursue  a  spiral  course.  The  turns  of  the  spiral  are  so  close 
that  it  gives  the  tubes  a  ringed  appearance.  Inside  the  spiracles 
the  trachesB  branch  repeatedly  until  they  end  inHhe  tissues  in 
fine  tracheal  capillaries.  In  general  it  may  be  said  that  each 
segment  has  a  right  and  a  left  spiracle  and  corresponding  tracheal 
systems  (fig.  59),  but  this  scheme  is  complete  in  no  known  species, 
for  there  are  always  some  segments  (especially  in  the  head)  which 
lack  these  organs  and  are  supplied  from  adjacent  •  segments  (fig. 
479).  Again,  the  tracheas  may  be  connected  by  longitudinal  trunks 
(fig.  494,  tb),  so  that  spiracles  occur  in  only  a  part  of  the  segments, 
these  supplying  the  whole  system.  Although  the  trache89  are  for 
aerial  respiiiation,  there  are  aquatic  insects,  but  these  also  breathe 
air,  since  they  carry  air  about  with  them  entangled  among  the 
hairs  which  surround  the  spiracles.  Thien,  too,  aquatic  larvae  often 
have  tracheal  gills,  thin-walled  processes  of  the  integument  which 
project  into;  the  water  and  are  penetrated  by  numerous  tracheal 
twigs  (fig.  495). 

The  alimentary  tract  always  has  excretory  organs,  the  Mal- 
pighian  tubules,  connected  with  it.  These  vary  in  number  be- 
tween wide  limits,  but  are  always  placed  at  the  junction  of  the 
rectum  with  the  rest  of  the  tract.  They  differ  from  the  physiolog- 
ically similar  tubes  of  the  Arachnida  in  being  of  ectodeimal  origin, 
so  that  no  homology  can  be  traced  between  them.  The  gonads 
arc  always  paired  and  placed  dorsal  to  the  intestine,  while  the 
ducts  (at  least  in  some  cases  modified  nephridia)  open  ventrally 
at  the  hinder  end  of  the  body.     The  spermatozoa  are  motile. 

Injthe  subdivision  of  the  *  tracheate '  arthropods  a  group  of  Myriapoda 
is  usually  recognized,  containing  forms  known  as  centipedes  and  *  galley 
worms.*  These  two  types  are  in  reality  very  different.  The  centipedes 
(Chilopoda)  show  in  all  structural  features  close  relationships  to  the  Hex- 
apoda,  while  the  other  group,  Diplopoda,  differ  in  almost  every  respect, 
except  the  presence  of  numerous  walking  legs,  from  the  Chilopoda. 
Hence,  since  the  object  of  classification  is  to  show  resemblances  and  dif- 
ferences, the  group  of  Myria{K)da  has  been  dismembered,  the  Chilopoda 
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beiug  coDsidered  here,  the  Diplopoda  as  a  dUtinot  class  ftt  the  end  of  the 
group  of  Arthropoda. 

Sub  Class  I.   Ckilopoday 

The  moat  striking  characteristic  of  the  chilopoda  is  their  long, 
flattened  bodies,  each  of  the  nnnierous  somites  bearing  a  pair  of 


Tia.  ttl.— Diacnun  of  transrene  section  ol »  centipede  (oris.),   d.  digestive  tract;  0; 
BOQkd;  n,  nerve  cord;  «,  iplnkole  uu)  trftche«. 


Fto.  its.  Fw.  «8. 

Fid,  482.— Month  parta  of  SC'ilirpendrn  rnimUan*.    I,  antenna ;  t.  mandlblee;  3,  nuix- 

illffl:  Lseoonilraa:011»l'»*'l"'"''  6.  IJolKin  feet, 
Fio.  iSS.-Sfl"}>eiiil<a  ih-nrUaM.  cantipeae.    (After  Schmarda.) 

six-  or  seven-joioted  limbs.     The  head  bears  a  pair  of  long  antenne 
and  usually  numerous  ocelli,  which  only  in  Sculiffera  ahow  a  ten- 
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dency  to  become  compound.  The  mouth  parts  (fig.  482)  ai*e  a 
pair  of  mandibles  and  two  pairs  of  maxillae^  both  united  in  the 
median  line.  Besides,  the  first  pair  of  legs  (fig.  482,  J),  with  their 
fused  bases,  extend  forward  beneath  the  head  and  form  the  poison 
claws.  Their  terminal  joints  are  sharp  and  contain  the  ducts  of 
poison  glands. 

The  spiracles  (at  least  a  pair  to  every  other  somite  except  those 
of  the  head)  are  lateral  in  position  in  the  soft  integument  between 
the  dorsal  and  ventral  plates  (fig.  481).  The  heart  is  elongate,  with 
chambers  in  each  somite  (fig.  66) ;  there  are  two  large  Malpighian 
tubes,  and  the  nervous  system  is  elongate,  with  ganglia  in  each 
somite.  The  gonads  are  dorsal  to  the  intestine  and  are  unpaired, 
while  the  single  duct  opens  ventrally  in  the  preanal  somite. 

The  LiTHOBimiB,  with  16  leg-bearing  somites,  have  certuin  dorsal  plates 
enlatged  and  overlappiug  tlie  succeeding  somites ;  Lithcbitis^*  common 
under  stoues,  etc.  Soolopendrid^,  centipedes;  at  least  17  legs  and  5 
ocelli ;  iSoolapendra,*  in  warmer  regions  (fig.  488).  OBOPHiLmiB,  not  less 
than  80  pairs  of  legs,  spiracles  3  less  than  legs.  Geaphiltts,*  Scutigb- 
RiDiE,  legs  very  long,  15  leg-bearing  segments,  but  only  8  dorsal  plates. 
JSkmtigera* 

Sub  Class  IL  Hexapodou 

The  Hexapoda  is  by  far  the  largest  division  of  the  Arthropods, 
since  it  contains  at  least  ten  times  as  many  known  species  as  all 
the  rest.  The  number  is  so  large  that  it  cannot  be  given  with 
accuracy;  an  estimate  is  250,000.  Since  the  tropics,  which  have 
not  been  exhaustively  studied,  are  very  rich  in  insects,  it  is  con- 
ceivable that  there  are  at  least  a  million  different  species  in  the 
world.  On  the  other  hand  great  uniformity  of  structure  exists, 
all  adhering  with  great  fidelity  to  plan  of  structure,  regional  divi- 
sions, and  number  of  appendages  under  the  most  diverse  conditions, 
80  that  the  difference  between  the  most  extreme  forms  is  far  less 
than  that  in  Crustacea  or  Arachnida.  But  while  hexapods  thus 
lose  in  morphological  interest,  they  gain  in  their  life  relations,  in 
the  way  that  they  are  injurious  or  beneficial  to  man,  in  their  breed- 
ing habits,  and  in  their  intellectual  and  social  relations.  From  the 
evolutionary  standpoint  they  show  marked  adaptations  to  environ- 
ment, and  the  large  number  of  species  is  only  possible  by  taking 
advantage  of  every  opportunity  in  nature. 

Of  systematic  importance  are  the  regional  division  of  the  body 
and  the  number  and  character  of  the  appendages.  In  the  body 
three  regions  are  distinguished,  often- separated  by  marked  con- 
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BtrictionB;   head,  thorax,  and  abdomen.     The  ntimber  of  abdomi- 
nal Bomitee,  Tariee  with  the   order  and   even  vith   the  family. 


ranging  between  eleven  (in  some  larvte  and  embr70B  tweilve)  iu 
the  Orthoptera  and  five  in  many  Diptera.  -  Each,  cutioolar  abdo- 
■  minal  Begmeiit  eOQsigte  of  1;W0  plates, 
tergite  (dorsal)' afld  fltemlte  (rentr&I), 
united  on  the  sides  by  a  softer  mem- 
brane which  contains  the  epiracles. 
Head  and  thorax,  on  the  other  hand, 
have  a  constant  nnmber  of  Bomitcs. 
The  thorax  is  plainly  divided  into  three 
segments,  pro-,  meso-  and  me/al/iorax,_ 
each  composed  of  three  elements,  an 
unpaired  dorsal  portion,  noluvi;  a  pair 
[p  of  lateral  plates,  p^pwrn;  and  an  unpaired 
ventral  sieruum  (fig.  484).  For  sim- 
Fw.4fl6.-Head,.f  aBraBshgppOT,  pl'city  ono  speaks  of  pronotnm,  meso* 
i;biSmrip{'  UbM'  M^iT'fr':  sternum,  etc, ,  to  indicate  the  portions  of 
ro^iiuir^i^'ip^m^lima;  '^e  separate  segments.  The  head  is  a 
0,  occiput;  u,  vertex.  continuous  capBule  jn  which  the  follow- 

ing parts  are  recognized:  in  front  and  dorsal  dypevs  and  from; 
dorsal  and  posterior  a  vertex  and  an  occiput;  laterally  genw,  ven- 
trally  a  gula.  The  appendages  show  that  the  head  ia  composed  of 
at  least  four  somites. 

Till!  view  that  ibe  head  consists  of  six  somites  is  bnsed  on  the  existence 
of  two  more  segments  without  appendnges  in  the  embryo,  a  preantennal 
and  a  postanteiinal  (intercalary,  premandibular),  as  well  as  the  knowledge 
that  the  brain,  in  which  formerly  only  antennal  ganglia  were  recognized, 
consists  of  three  pairs  of  ganglia  (proto-,  deuto*,  and  trito-cercbmm). 
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The  appendages  (fig.  484),  eeveiipairB,  are  confined  to  the  bead 
and  thorax  (see,  however,  infra).  The  three  thoracic  segments 
bear  three  pairs  of  legs,  whence  the  name  Hexapoda.  The  legs  are 
inserted  between  pleura  and  sterna  and  begin  with  a  short  coxa 
(c),  followed  by  a  trochanter  {tr),  also  short.  The  two  following 
joints  are  long,  the  first,  the  femur  (/«),  being  large  and  contain- 
ing the  muscles;  the  next,  tibia  (0^  being  more  slender;  the  foot, 
or  tarsus  (/a),  is  composed  of  a  series  of  joints,  the  last  bearing  a 
pair  of  claws. 

The  first  of  the  cephalic  appendages,  the  antennaB,  are  the 
most  leg-like,  but  normally  are  never  clawed.  They  spring  from 
the  frons  above  the  mout|i  and  are  innervated 'fro/n  the  brain. 
The  number  and  shap^  of  the  antennal  joints  varies  with  the 
group,  and  according  aa  the  single  joints  are  lengthened  or  short' 
ened,'  narrowed  or  exp^ded,  or  provided  wUh  appeii^i^ges,  etc;, 
different  kinds  of  antennae — knobbed^  club-shaped,  toothed,)'*|^i;n- 
ered,  etc. — are  recognized,  distinctions  of  great  value  in  classi- 
fication. .  ^  ^"?/f  ^\< 

The  mbrphology  of  the  three  pairs  of  mOuth  parts,  the^m^&i- 
bles  mnd),  ];aaxiIl8B  (ma;),  and  second  maxillae,  or  labium  {hy  ^1^. 
486-489),  15*  more  ^interesting.  The  labium,  formed  of  un^t( 
right  and  l<^ft 'appetf(^ges,  lies  behind  the  mouth  and  forms  Mj^e 
lower  lip,  and  is  in  contrast  to  the  upper  lip,  or  labrum  (^), 
which,  however;  is  not  /appendicular  in  character/  Both  labium 
and  labrum  may  bear  unpaired  processes  on  their  oral  surf aces^^  an 
epipharynx  above,  a  hypopharynx  below  tho^ihoutli,  neither  of 
them  true  appendages.  ^ -' 

The  different  kinds  of  food  necessitate  differences  in  the  char- 
acter of  the  mouth  parts, — chewing,  licking,  suckilig,  or  piercing 
— all  referable  back  to  the  chewing  kind,  and  these  in  turn  are 
modified  legs.  In  the  description  of  the  chewing  type  it  is  well 
to  begin  with  the  maxillcB  (fig.  486),  because  of  their  easy  com- 
parison with  the  other  mouth  parts  and  with  the  legs  as  well. 
These  begin  with  a  triangular  joint,  the  cardo  (c),  which  is  fol- 
lowed by  a  larger  stipes  (^si).  The  stipes  in  turn  supports  two 
chewing  lobes,  the  inner,  or  lacinia  (li),  and  an  outer,  or  galea  (le), 
these  being  processes  segmented  off  from  the  stipes.  In  the 
Orthoptera  and  Coleoptera  only  the  lacinia  is  sharp-pointed  ;  the 
galea  may  either  form  a  sheath  for  the  lacinia,  or,  as  in  many  beetles 
(fig.  514),  it  may  be  tactile  and  jointed  again.  The  stipes  also 
bears' the  maxillary  palpus  (pm),  consisting  of  from  three  to  six 
similar  joints,  and  is  the  mostly  leg-like  part  of  the  appendage. 
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The  labium  ariaes  as  a  pair  of  processee  Thich  early  approach  eacb 
other  and  fnse  behind  the  mouth.  All  the  parte  of  the  maxilla 
maj  be  recognized,  only  it  maet  bo  remembered  that  the  basal 
parts  of  the  two  aides  are  fuBed.  The  nnited  cardines  form  an 
under  chin,  the  submentum,  the  atipites  a  chin  or  tnmtum,  which 
in  the  Orthoptera  is  cleft,  a  result  of  incomplete  fnaion.  This 
may  bear  inner  and  outer  proceaaeB,  the  glogam  (^/)  and  the  para- 
glMia  (j>g)  respectively,  and  the  labial  palpns.     The  mandible  c 


—  — „ , f  eockrouh  (ftrlplaMta  erlenfalit).    The  Ictt<r 

InB  Is  the  Bftme  In  aga.  ***^**^  r.  cardo:  gl,  gloMa:  fc>,  hTpophuyiiz :  t  lobe 

dt'ble ;  tnz,  maillUi ;  p,  pm,  maillUry  palpaa  ;  pu.  psirtglotit, ;  pi,  Ublal  palpiu 
im,  BubmeDtQm;  tt,  atipei. 
Fm.  487.— LloklnK  moath  parta  of  bumble  bee  (Bonbiu  ferreif  rii). 

sists  of  merely  the  basal  joint,  altered  for  biting,  while  the  rest  of 
the  appendage,  common  in  cmatacea  aa  the  mandibular  palpus,  ia 
lacking. 

The  licking  mouth  parta,  like  those  of  the  bees  (fig.  487),  etand 
next  to  those  already  described,  there  being  many  tranaitionsl 
stages.  Labrum  and  mandibles  retain  their  primitive  conditioD, 
while  maxillie  and'  labium  are  greatly  elongate,  are  connected  st 
the  bases,  and  can  be  folded  away  beneath  the  head  or  extended  at 
will.     The  small  submentum  is  followed  by  an  elongate  mentum 
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which  bears  the  unpaired  tongue  or  glossa  (gl),  which  corresponds 
to  the  fused  glossie  (or  to  the  hypopbarynx?)  of  the  first  type  and 
Trhich  is  used  for  sucking  honey  and  hence  has  the  form  of  a 
nearly  closed  tuba  Beside  it  lie  the  rudimentary  paraglossas  (pff) 
and  the  well-developed  palpi.  Similarly  the  maxillse  have  email 
cardiues  and  palpi,  while  the  stipites  and  the  undivided  lobe  (/) 
are  long  and  well  developed. 

The  piercing  month  parts  of  the  flies  (Diptero)  and  bags 
(Rhynchota)  can  be  compared  with  those  of  the  beea  in  so  far  as 
the  labium  forms  the  groundwork  of  the  whole  (fig.  488).     The 


Fto.  tes. 
Tio.  4es.-iiuck<iig  month  parts 
ffroove  of  labLuTa  opened  by  n 
Fia.  4WI.-SU. 


ilum  opened  by  remavtn^Hbrum:  the  stflets  separated. 

S  month  p»rtB  Ota  butterfly.  (After  SavUny.)  mi',  mi",  shows  ho' 
t  maiLllw  unite  loio  a  tube:  right  lubrul  palpua  ipl}  with  hull 


beak  {rostrum,  haunt elluiii)  of  these  animals  corresponds  to  the 
labium;  it  is  a  grooved  structure,  either  fleshy  and  flexible,  or  stifE 
and  jointed.  The  edges  of  the  groove  arc  inrollcd  so  that  there 
remains  a  narrow  dorsal  slit,  which  can  be  closed  by  the  slender 
npper  lip  (/r).  The  tube  formed  of  these  parts  contains  four 
stylets,  toothed  or  with  retrorse  hooks  at  the  tip.     These  are  the 
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mandibles  and  maxillsB,  and  a  fifth  stylet,  the  hypopharynx  (Jty) 
can  be  present.  Palpi,  which  only  occur  in  the  Diptera,  belong  to 
the  maxillas  (;?).  Reduction  in  number  of  stylets  to  four  or  three, 
or  their  complete  absence  (some  flies),  is  brought  about  by  fusion 
or  by  degeneration.  The  haustellum  serves  as  a  case  for  the  suck- 
ing tube,  which  in  the  Rhynchota  is  formed  by  the  united  maxilla?, 
in  the  Diptera  by  labrum  and  hypopharynx. 

The  proboscis,  or  haustellum  (the  so-called  tongue),  of  the 
Lepidoptera  (fig.  489)  is  a  long  tube  coiled  like  a  watch  spring 
beneath  the  head.  It  consists  of  two  long  grooved  maxillary  galea 
firmly  united  by  their  edges.  Tlie  maxillary  palpi  are  well  de- 
veloped in  the  moths;  elsewhere  they  show  all  stages  of  reduction 
to  complete  disappearance.  Labium  and  labrum  are  reduced  to 
small  triangular  plates  at  the  base  of  the  proboscis,  the  labium 
bearing  a  pair  of  hairy  palpi  (;?/).  The  mandibles  are  represented 
by  small  plates  or  bunches  of  hair.  These  conditions  gain  in  in- 
terest when  we  remember  that  in  the  larva  the  mandibles  are 
strong  biting  organs,  while  the  maxillse  are  small  hooks,  and  the 
labium  is  better  developed  only  in  those  parts  connected  with  the 
silk  glands,  a  beautiful  example  of  relations  of  structure  to  life 
conditions. 

Id  contrast  to  the  other  regions,  the  abdomen  lacks  appendages  in  the 
adults.  Only  in  the  lower  group  of  Thysanura  are  small  lobes  present, 
behind  and  in  the  same  line  with  the  thoracic  feet,  which  may  be  regarded 
as  abdominal  feet.  Apparently,  too,  the  appendages  of  the  last  segment, 
the  stylets  and  cerci,  are  modified  limbs,  but  the  parts  (gonapophyses) 
used  in  copulation  and  oviposition  are  different  in  character.  False  feet, 
or  pro-feet,  occur  on  the  abdomen  of  the  larvse  of  the  Lepidoptera  and  the 
Tenthredinid89,  but  since  these  are  fleshy  unjointed  processes,  it  is 
doubtful  whether  these  are  true  abdominal  limbs,  like  those  of  other 
Arthropoda,  or  are  structures  independently  acquired. 

Besides  ventral  appendages  the  insects  usually  have  two  pairs 
of  dorsal  outgrowths  upon  the  meso-  and  metathorax,  the  wings. 
They  are  lateral  folds  of  the  chitinous  coat  of  the  notum  and  con- 
tain on  their  interior  extensions  of  the  blood  sinuses  and  of  the 
tracheae,  which  are  protected  by  thickenings  of  the  chitin,  causing 
the  network  of  'veins'  or  *nervures' in  the  wing.  Both  wings 
may  be  elastic,  flexible,  and  adapted  for  flight,  or  the  hinder  pair 
may  alone  partake  of  this  character  (true  wings  or  alae),  while  the 
first  pair  may  be  thick  and  parchment-like  wing  covers,  or  elyiray 
under  which  the  true  wings  are  concealed  when  at  rest.  When 
only  the  base  of  the  wing  is  thus  thickened  hemelytra  result. 
Between  the  origins  of  the  anterior  wings  is  frequently  a  chitinous 
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plate,  the  scutellam,  while  between  the  hinder  wings  Is  a  similar 
poatscutellnm.  In  many  insects  ono  pair  of  wings  is  lacking,  the 
anterior  pair  being  retained  in  the  Diptera,  the  posterior  in  the 
Strepsiptera;  these  are  clearly  cases  of  degeneration.  The  entire 
absence  of  winga  may  occur  from  two  causes;  wings  have  apparently 
never  been  developed  iu  some  (primary  lack  of  wings  of  the 
Apterygota),  while  there  are  others  in  which  we  must  believe  that 
wings  ouce  present  have  been  lost,  becaase  nearly  related  forms — 
bugs,  lice,  etc. — have  wings,  or  because  certain  individuals  (male 
cockroaches,  sexual  ants  and  termites)  are  winged  (figs.  506,  538, 
629).  The  prothorax  of  all  recent  insects  ia  wingless,  but  in  some 
of  the  Archiptera  of  the  coal  period  wing  rudiments  occurred  on 
this  somite. 

As  a  result  of  differences  in  food  the  alimentary  canal  (figs.  490, 
491)  varies  greatly.  The  ectodermal 
stoniodfenm  begins  with  a  pharynx, 
which  in  the  sacking  insects  is  a 
sucking  apparatus  with  radial  mus- 
cles. Tlie  cDsophagus,  which  follows, 
may  be  widened  to  a  crop  (ingluvies), 
or  it  may  have  a  cxcal  outgrowth 
whirli  in  the  butterflies  may  take  the 
shape  of  a  stalked  vesicle  (falsely 
'sucking  stomach*).  Also  ectoder- 
mal is  the  gizzard  (km,  pv),  or  pro- 
ventriculns,  the  chitinous  lining  of 
■which  is  toothed  for  grinding  the 
food.  The  true  stomach,  of  ento- 
dermal  origin  {m,  cd),  frequently 
bears  blind  sacs  or  gastric  cteca  (^ap) ; 
in  general  it  Is  short  and  its  junction 
with  the  hinder  ectodermal  portion, 
the  proctodeum,  is  marked  by  the 
entrance  of  the  Malpighiau  tubules 
(vasa  Ualpighii,  vin).  The  latter, 
excretory  in  function,  arise  from  the 

proctodeal  region.      The   latter    is  Pio.  tso.— AiimentaiT  tract  of  cnm- 

11     j-H         I.-   i   a  ■    1.  11  ■  *"»  Quriifu*.     {From  Lmib,  after 

usually  differentiated mto  a  small  in-     Duronr.)  nc.anHiTPSicieioiE.anai 

testine  and  a  two-regional  (colon  and  ilSS^^V''  "xl^VuTioS  w^)';**; 

rectum)  large  intestine.     The  rectum  triJSiurigTMard^'^"r,™'tu^''^ 

may  have  onkrgemonta  called  rectal  ""■p'k'''*''  '"bmes. 

gl&nds.     True  glands,  however,  occur  only  at  the  beginning  and 
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end  of  the  alimentary  tract;  into  the  mouth  empty  from  one  to 
four  pairs  of  salivary  glands  {»p);  at  the  anus  are  defensive  anal 
glands  with  their  malodorous  secretions  of  a  protective  character. 
The  alimentary  tract  with  the  other  viscera  is  enveloped  in  the 
fat  body,  a  soft  mass  which  contains,  besides  fat  cells  and  connec- 
tive tissue,  concretions  of  uric  acid. 

The  nervous  system  (fig.  405)  has  the  ventral  cord,  especially 
in  primitive  forms  (Apterygota,  Archiptera,  Orthoptera,  fig.  491), 


fia.  4S1.— viscera  of  male  cockroach  (JVKploRtfa  oWntfalfi).  (Partly  afUr  Bniler.) 
I'llI,  BegmentBof  thorax  and  uoTPCBpondlng  legs:  1-10,  abdominal  eenmeim:  ". 
ADus;  -III.  ventral  gansKa;  ap.  iiastrlc  cmca  :  n(.  antenna;  bl.  sallrao'  blnililer  : 
«,  Hxaal  opening:  ft.  heart;  fcr,  crop;  tm,  giszard:  I,  labial  palpna:  m.  ntamiiiTh 
(the arrow  nhowa  the  connexion  betveen  m  and  km\  aim  maxillary  palpus;  niu. 
male  icenltalla :  or.  cpsophaKUS  :  o".  brain  ;  r.  rectum  :  >p.  aallvary  RUnd  ;  tu, 
thoracic  gaiiKlla:  vg,  InrrueaophaKeal  sangllou :  dm,  Malplghlan  tubulos. 

and  nearly  all  larvte  (fig.  59),  long  and  composed  of  numerous 
separate  pairs  of  ganglia.  In  beetles,  moths,  bees  (fig,  494),  ami 
flies  the  cord  ia  shortened  and  the  ganglia  are  in  part  fused.  The 
brain  arises  by  the  fusion  of  three  pairs  of  ganglia  (proto-,  deuto-, 
and  tTitocerebrum),  and  is,  especially  in  the  adult,  very  complex. 
It  is  connected  on  either  side  with  a  large  optic  ganglion  the  size 
of  whicli  is  correlated  to  that  of  the  eyes.  In  the  adult  condition 
the  llesapoda  have  a  single  pair  of  highly  developed  compound  eyes 
(figs.  407,  408),  which  not  infrequently  occupy  nearly  the  whole 
of  the  top  of  the  head.  Between  and  in  front  of  these  small  and 
simple  ocelli,  usually  three  in  number,  frequently  occur,  especially 
in  insects  which  are  strong  fliers.  These  are  either  lacking  or 
poorly  developed  in  the  larvie,  while  the  compound  eyes  are  fre- 
quently replaced  by  groups  of  from  two  to  six  closely  crowded 
ocelli.  Of  other  sense  organs  only  the  tactile  hairs  of  the  skin  are 
known  with  certainty,  while  similar  hairs  on  the  antennie  and 
about  the  mouth  are  supposed  to  be  organs  of  smell  and  taste,  since 
these  senses  are  known  to  be  well  developed.  The  tympanal 
organs  of  the  Orthoptera  are  the  only  structures  which  can  be  with 
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much  probability  connected  \Fitli  hearing.  These  are  thin  drum- 
like parts  of  the  chitin^  framed  in  thicker  portions  (figs.  492>  493), 
beneath  which  is  a  tracheal  vesicle,  with  a  nerve  ending  in  a  '  crista 
acustica.'  The  power  of  producing  sound  is  widely  distributed  and 
often  highly  developed,  the  organs  for  this  purpose  varying  widely 
in  character.  Stridulating  organs  are  formed  by  ridges  on  wings 
and  legs,  which  are  rubbed  against  each  other  or  against  similar 
ridges  on  the  body.     Humming  is  produced  by  the  action  of  the 


Fia.  488. 


Fio.  492.— Side  view  of  ffrasshopper.    it,  spiracles ;  U  tympanic  organ. 
Fio.  498.-  Anterior  tibia  of  a  Locusttd  with  tympanum,  t.    (From  Hatschek,  after 
Fischer.) 

wings  or  by  the  passage  of  air  through  the  spiracles,  which  are 
often  provided  with  vibrating  membranes  which  also  serve  to  close 
these  openings. 

The  tracheaB  (figs.  479,  494)  are  usually  united,  just  inside  the 
spiracles,  by  longitudinal  trunks  from  which  fine  branches  extend, 
enveloping  and  penetrating  all  the  organs  with  delicate  silvery 
threads.  This  connexion  of  tracheae  renders  it  possible  for  the 
spiracles  of  some  segments  to  disappear.  The  spiracles  of  the 
abdomen  are  the  most  constant,  usually  occurring  in  the  soft  mem- 
brane between  the  sternites  and  tergites;  the  thorax  at  most  has 
but  two  pairs,  the  head  none.  In  insects  with  good  powers  of 
flight  many  of  the  tracheal  trunks  are  expanded  to  large  air  sacs, 
which  may  be  of  value  as  reservoirs  of  air,  so  that  the  ordinary 
respiratory  motions  are  less  necessary  during  flight. 

An  interesting  adaptation  of  the  tracheal  system  to  aquatic  life  occurs 
in  the  larvae  of  many  Archiptera  (Odonata  and  Mayflies)  and  Neuroptern, 
and  even  among  Lepidoptera  {Paraponyx)  and  Coleopteni  (Gyrinidae). 
The  spiracles  here  are  usually  closed,  and  the  taking  of  oxygen  occurs 
either  through  the  skin  or  by  means  of  so-called  tracheal  gills — bushy  or 
leaf-like  appendages  of  the  surface  or  the  rectum,  richly  permeate<I  by 
tracheal  branches  (fig.  495).  In  such  cases  the  tracheal  sysstem  has  two 
portions,  one  which  receives  oxygen  from  and  gives  off  carbon  dioxide  to 
the  water  ;  the  other  which  supplies  the  tissues  with  oxygen  and  receives 
carbon  dioxide. 
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Since  the  tracheee,  with  their  fine  branchee,  snpply  the  tissues 
directly  with  oxygen,  tlie  blood -vascular  system  is  rudimentary-. 
Directly  under  the  back  lies  the  elongate  tubular  heart  iu  a  special 


Fia.  4H.  FlO.  tas. 

1.  4W.— Anatomy  of  honey  b«e.  (From  Lang,  after  Leackart.!  n.  antenniE:  nii, 
eye  :  b.  \e^a:  on, chyle  stomnch;  rd.  rectum:  nni. honey  Btomach  iprorentrlcalUKi . 
Ill,  rricMrelandii:  >f,  Bulracles ;  tb.  tracheal  cbambers  with  trachea;  dim,  Ual- 
pighlan  tubules. 

'  ~  "  ■  ■rom  OeBenbanr)  with  tracheal  gMU,  e;  a, 

al  hrlBtleB  (cerol). 

pericardial  BinuB.  This  is  a  ]>!irt  of  the  hsemocoele  cot  off  from 
the  gastric  ])ortion  of  this  space  by  an  incomplete  partition  in 
which,  right  and  left,  are  the  wing  muscles  {aim  cordis)  of  the 
heart.  The  heart  receives  Its  blood  through  lateral  ostia  (eight  or 
fewer)  from  the  pericardial  sinus  or  (Orthoptera)  through  ventral 
openings  from  the  large  hsemocoele.  The  blood  passes  forward 
through  an  anterior  aorta  into  the  hsemoccfle  and  thence  back  to 
the  pericardial  sinus.  The  arrangement  of  the  viscera,  fat  bodies, 
and  muscles  gives  a  certain  regularity  to  the  circulation,  especially 
in  the  appendages.     Accessory  pulsating  ampullar  in  the  bases  of 
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the  antennoe  (Orthoptera)  help  in  the  flow  of  the  blood.  It  is 
noteworthy  tiiat  many  beetles  (Meloidse  and  Coccinellidte)  squirt 
blood  through  the  jointiug  membranes  of  the  legs  as  a  means  of 
protection. 

The  Hexapoda  are  diceeiouB.  The  gonade  consist  of  a  few  or 
many  orarial  or  testicular  tubules  (figs.  496,  497),  the  latter  some- 
times coiled  into  small  oval  bodiee.  Ovaries  aud  tostos  are  paired 
and  lie,  right  and  left,  in  the  abdomen.     Their  paired  ducts  (ovi- 


„ .  ., ,i,  vaB  deferens;  w.  semlniU  Tesloles. 

Fio.  UT.— OenlLalln  □(  female  Hfirobivii.  (Froni  Qegenbanr,  nfter  Stein.)  hr.  baraa 
copulfttrli;  gi,  tubular  Blands;  o,  ovarlal  tubes;  uv,  onduot  with  glanda;  rt,  re- 
ceptaculum  semlnls:  v,  vagina. 

ducts,  yasa  deferentia)  open  separately  in  the  Ephemerida,  but  in 
all  other  Hexapoda  there  is  a  eiugle  ventral  unpaired  sexual  open- 
ing just  in  front  of  the  anus.  This  arises  as  a  median  invagination 
of  the  ectoderm  (hence  lined  with  chitin),  which  extends  inwards 
and  meets  the  genital  ducts  (modified  nephridia),  and  forms  the 
ductus  ejaculatorius  of  the  male,  the  vagina  of  the  female.  Aside 
from  many  accessory  glands,  the  sexual  apparatus  shows  the  follow- 
ing differentiations :  in  the  male  vesiculte  seminalcs,  as  widenings 
or  diverticula  of  the  vasa  deferentia;  in  the  female  the  receptaculum 
seminis  and  the  bursa  copulatrix.  The  latter  may  be  either  the 
Tagina  or  a  blind  sac  arising  from  it,  or  a  special  invagination  of 
the  ectoderm,  emptying  into  the  vagina  by  an  internal  canal.  It 
receives  the  penis.  The  receptacnlum  seminis,  a  stallied  vesicle 
connected  with  the  vaginia  or  the  bursa,  has  a  special  biological 
interest.  In  insects  which  copulate  but  once  during  life  it  retains 
the  spermatozoa  for  a  long  time — four  years  in  bees — in  a  living 
condition.     As  the  eggs  are  laid  they  are  impregnated  by  sperma- 
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tozoa  from  it.  Since  a  firm  shell  or  chorion  is  developed  aronnd 
the  egg  in  the  ovary,  access  of  spermatozoa  is  only  possible  by  the 
existence  of  a  micropylar  apparatus,  a  system  of  tubes  penetrating- 
the  chorion  at  one  end  of  the  egg. 

Oviposition  occurs  in  many  insects  by  means  of  an  ovipositor 
which  may  project  free  from  the  body  (fig.  609)  or  may  be  re- 
tracted into  it.     It  consists  of  four  or  (Orthoptera)  six  parts  or 
gonapophyses   developed   from  the  eighth  and  ninth  abdominal 
segment,  which  form  a  tube.     In  many  Hymenoptera  this  stmc- 
ture  has  become  modified  into  a  sting  (aculevs),  and  is  provided 
with  poison  glands,   making  it  an  efficient  weapon  of  defence. 
From  its  nature  the  sting  is  of  necessity  confined  to  the  females. 
In  the  males  there  is  usually  a  protrusible  penis  which  is  frequently^ 
composed  of  the  same  parts  as  the  ovipositor;  in  others  of  metamor- 
phosed somites.     Further  sexual  differences  lie  in  the  form  of  the 
antennsd,  shape  and  coloi'  of  the  wings,  modifications  of  the  eyes^ 
etc. 

In  many  insects  the  eggs  may  develop  parthenogenetically. 
Plant  lice  and  scale  insects  reproduce  for  generations  asexually,  and 
parthenogenesis  is  widely  distributed  among  Hymenoptera,  Lepi- 
doptera,  and  Neuroptera.  The  conditions  among  the  bees  are 
especially  interesting,  since  here  the  determination  of  sex  rests  with 
the  existence  or  non-existence  of  fertilization  (pp.  142,  487). 
Much  rarer  than  the  ordinary  parthenogenesis  is  that  special  form, 
known  as  psedogenesis,  which  occurs  only  in  certain  Diptera  like 
Miastor.     In  the  female  Miastor  larva  (fig.  498)  the  eggs  develop 


Fxo.  486.— Larva  of  a  Cecidomyid  with  pndogenetlc  daughter  larviB.  (From  Hatachek, 

after  Pagenstecher.) 

before  the  appearance  of  the  ducts,  so  that  the  young  can  only 
escape  by  rupture  of  the  mother.  After  several  paedogenetic 
generations  there  appear  at  last  larvsB  which  pupate  and  produce 
adult  male  and  female  fiies. 

With  the  exception  of  these  paedogenetic  forms,  the  Pupipara, 
many  Aphidas  and  a  few  other  viviparous  species,  the  Hexapoda 
are  oviparous.  The  development  begins,  after  oviposition,  by  & 
superficial  segmentation  of  the  egg.  Later  there  appear  two  em- 
bryonic structures,  the  yolk  sac  and  the  amnion;  the  first,  in  con- 
trast to  the  vertebrate  structure  with  the  same  name,  is  dorsaL 
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The  amnion  is  a  thin  layer  of  cells  which  covers  the  ventral  sniface 
and  arises  in  a  manner  similar  to  the  vertebrate  amnion;  folds  aris 
ing  from  the  blastoderm  in  front  and  behind,  right  and  left  of 
the  embryo,  f  ase  with  one  another  and  produce  a  doable  envelope, 
an  inner  amnion,  an  outer  serosa. 

With  the  rupture  of  the  amnion  and  egg  shell,  the  postembry- 
onic  development  begins.  This  differs  so  in  the  different  orders 
that  ametabolous,  hemimetabolous,  and  holometabolous  insects  are 
recognized,  i.^.,  insects  with  direct  development  without  meta- 
morphosis, those  with  partial  and  those  with  complete  metamor- 
phosis. The  ametabolous  young  is  closely  like  the  adult,  so  that 
it  only  has  to  grow,  with  periodic  ecdyses,  and  to  mature  its  re- 
productive organs.  Since  no  insect  has  wings  when  it  leaves  the 
egg^  this  direct  development  is  possible  only  in  wingless  forms  like 
the  Apterygota  and  Aptera. 

All  winged  insects,  on  the  other  hand  have  a  more  or  less  pro- 
nounced metamorphosis,  the  final  cause  of  which  is  the  necessity 
of  developing  wings.  This  view  holds  although  there  are  wing- 
less insects  with  a  complete  metamorphosis.  These  forms  (fleas, 
vringless  moths,  and  ants)  have  undoubtedly  sprung  from  winged 
species  and  have  inherited  from  them  the  metamorphosis  which 
has  been  retained  after  the  wings  were  lost.  In  incomplete 
metamorphosis  the  differences  between  the  newly  hatched  young 
and  the  adult,  or  imago,  gradually 
disappear  (fig.  499).  At  the  second 
molt  the  wings  often  appear  as  small 
folds  in  the  chitinous  wall  of  meso- 
and  metathorax ;  they  grow  with  each 
ecdysis,  until  at  last,  in  size,  form, 
and  movability,  they  are  functional 
wings.  The  chitinous  coat  of  each 
wing  pad  (fig.  499,  By  i,  2)  encloses 
the  compressed  and  folded  wing  of 
the  next  stage.  Since  the  larvsB  by 
their  lack  of  wings  are  placed  in 
different  circumstances  from  the 
adult,  the  differences  between  the  two 
may  be  increased  by  the  development  of  special  larval  organs. 
Thus  the  aquatic  larvae  of  the  May  flies  and  dragon  flies  differ  from 
the  adults  not  only  in  the  absence  of  wings,  but  by  the  different 
form  and  the  tracheal  gills,  which  are  almost  always  lost  at  the  last 
molt  (fig.  495). 


Fio.  489.— HemimetabolouB  develop- 
ment of  Perla  nigra.  { From  Hux- 
ley.) A^  wlni^less  larva;  B,  larva 
with  wing  pads,  U  f ;  C,  adnlt :  A 
i/,  ///,  thoracic  segments. 
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Increaee  in  the  differences  of  environment  and  the  correlated 
increase  in  larval  characterB  lead  to  complete  metamorphosis.  Id 
order  to  profit  as  mnchas  possible  by  its  adaptation  to  its  environ- 
ment the  larva  retains  its  Ehape  as  long  as  possible;  the  gradual 
change  is  suppressed  and  the  alteration  in  form  necessary  to  tlie 
metamorphosis  is  postponed  until  the  end  of  the  larval  life,  to  the 
period  between  the  last  two  molts.  In  this  interval  there  is  such 
an  energetic  transformation  of  the  organism  that  the  performance 
of  ordinary  vital  functions,  especially  motion  and  feeding,  is  in- 
terfered with  or  rendered  impossible.  This  last  stage  therefore 
becomes  a  period  of  rest,  the  pupal  stage,  upon  the  existence  of 
which  great  weight  must  be  laid  in  the  definition  of  complete  met- 
amorphosis. The  more  complete  the  condition  of  rest  the  more 
pronounced  is  the  holometabolous  development.  From  this  point 
of  view  different  types  of  pupse  are  distinguished:  pnpte  liberie, 
pupte  obtectee,  and  pupie  coarctatce.  In  a  free  pupa  (pupa  libera) 
the  appendages  stand  out  from  the  body  (fig.  500),  so  that  not 


Fia.  lOD.— Larra  and  pupa  of  Hny  beetle. 
at.  a-aVeanx;  o.  eyeg;  p--\ 

only  the  segmentation  of  the  body  but  the  antenna,  legs,  wings, 
and  often  the  mouth  parts  of  the  imago  are  visible.  Such  pupa 
have  a  certain  power  of  motion,  as,  for  instance,  the  pupse  of  many 
Nearoptera  and  mosquitos,  the  latter  rising  and  falling  in  the 
water.  The  covered  pupie  (pupie  obtecta)  at  the  moment  of 
pupation  have  free  appendages  which  with  the  hardening  of  the 
chitin  become  closely  appressed  to  the  body,  so  that  even  by  close 
inspection  only  indistinct  contours  can  be  seen  {fig.  501),  Motion 
is  confined  to  bending  of  the  whole  body,  as  is  familiar  in  the 
pnpie  of  moths  and  butterflies.  The  pupse  coarctatie  are  withoat 
motion  because  here  the  pupa  (in  structure  a.  pupa  libera)  is  en- 
closed in  a  larger  coat,  the  last  larval  skin  (Muscaria). 

The  variations  among  larvse  are  even  greater  than  with  pnp)& 
Here  structure  and  jointing  of  the  body  are  so  completely  under 
the  influence  of  environment  that  with  similar  or  different  con- 
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ditioDS  larrce  widely  remote  from  the  Bystcmatic  staudpoint  may 
closely  resemble  eacli  other,  while  those  of  closely  related  species 
may  difter  extremely.     The  leaf-feodiDglarTs  of  Lepidoptera  (flg. 


Fib.  GDI.  Fid.  Got.  Fia.  SOB. 

FlO.  EOl.— Pupa  of  Sphinx  Iloudrl-  (Art«r  Ladwis-Leonis.)  I.  eye:  f,  bead  :  9.  Hi' 
teniue;  Vfi,  thoracis  wnirteB ;  ^,  hind.  S,  ton  wiag  ;  'j,  leg*;  10,  proboeclB ;  II,  Kb- 
domlnalBomlteBi  ii.Bplncles. 

Plo.HK.— Larva  of. •ipA:>iaH(rtuir£.  (After  Ladirig-LennlB.)  n.  caudal  disc  :  p.  tho. 
raclc  feet ;  pi,  proless- 

Fin.  BOB.— Larva  (maggot)  of  blowfly,  Vuica  i»nii(or(u.    (After  Leackart.) 

S02)  and  Teothreds  are  brightly  colored,  the  thoracic  appendages 
remaining  small,  and  are  reinforced  by  the  fleshy  ventral  append- 
ages, the  prolegs  or  pedes  spurii.  The  predacious  iarvje  of  many 
beetles  and  Nenroptera  have  long  thoracic  legs,  strong  mandibles, 
and  no  prolegs.  Other  beetle  larvse,  which  burrow  in  wood  or 
live  in  the  earth  (fig.  500),  have  plnmp  whitish  bodies,  with  the 
legs  rcdimentary  or  wholly  lacking.  These  lead  to  the  maggot- 
like larvie,  in  which  the  mouth  parts  are  inconspicuous  and  the 
distinction  between  head  and  thorax  may  vanish.  Such  soft-skinned 
annulatod  sacs  occur  in  the  bees  (fig.  59)  and  other  Hynietioptera, 
as  well  as  in  many  flies  (fig.  503);  that  is,  in  animals  which  live 
in  an  abundance  of  food  either  because  of  parasitism  or  because 
the  mother  has  provided  plenty. 

From  the  onter  appearance  one  would  gain  the  impression  that 
these  holometaholous  larvce  not  only  lacked  the  wings,  but  that  the 
appendages  of  the  imago  were  entirely  absent  or  had  an  entirely 
different  form ;  farther,  that  wings,  and  frequently  antennie,  legs, 
and  mouth  parts,  come  into  existence  at  the  moment  of  pupation, 
and  then  in  remarkable  size  and  completeness.  A  more  accurate 
investigation  shows  that  the  anlagen  of  all  these  structures  are 
formed  long  before  pupation,  often  at  the  first  molt.     The  wings 
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of  a  butterfly  are  present  in  the  caterpillar  as  small  folds  or  proc- 
esses of  the  surface  which  increase  in  size  with  each  molt.  Thafc  they 
are  not  visible  externally  is  due  to  the  fact  that  they  are  pushed 


Fro.  504.— Diagram  of  development  of  wings  and  lees  from  the  imaeinal  discs  of  a 
fly  during  metamorphosis.  (After  Lang.)  A,  larval  hypodermts;  i\  imjienn«l 
hypodermis ;  /,  f»,  imagincl  discsand  l<)gs  and  wings  formed  from  them;  s,  con- 
nexion of  discs  with  hypodermis;  x,  chitinous  larval  skin. 

into  the  body  and  enclosed  in  sacs  opening  to  the  exterior.  Such 
anlagen  are  called  imaginal  discs;  with  their  recognition  the  dis- 
tinctions between  complete  and  incomplete  metamorphosis  in  part 
disappear,  since  in  the  first  the  structures  of  the  imago,  even  if  in 
a  modified  shape,  are  outlined  very  early.  Still  there  remains 
much  to  be  remodelled  during  the  pupal  rest.  The  muscles  must 
be  adapted  to  the  new  locomotor  organs,  the  digestive  tract  to  the 
altered  food,  the  nervous  system  re-formed.  Since  a  great  part  of 
the  previous  structures  must  be  broken  down  to  afford  material 
for  the  reconstruction  of  the  organs,  the  pulpy  nature  of  the  inside 
of  the  pupa  is  easily  understood.  In  a  rapid  degeneration  of  the 
tissues  the  material,  consisting  of  indistinctly  separated  cells,  is 
so  homogeneous  that  it  was  formerly  thought  that  the  pupa  re- 
turned to  the  indifferent  condition  of  the  egg  (Histolysis  of  fiies). 

In  the  classification  four  points  arc  of  special  importance:  (1)  The 
segmentation  of  the  body,  in  which  it  is  to  be  noted  whether  the  Fegments 
of  thorax  and  abdomen  follow  without  change  of  form,  or  whether  the 
thorax,  by  the  closer  union  of  its  somites,  is  sharply  marked  off  fromlioih 
head  and  abdomen.  (2)  The  character  of  the  wings,  which  ai-e  either 
lacking  in  the  Xo^qv  forms  or  ai*e  delicate  chitinous  structures,  with 
numerous  veins,  the  wings  of  the  two  thoracic  segments  similar.  In  the 
higher  forms  a  degeneration  of  the  wing  veins  or  a  leathery  consistence  of 
the  membrane,  together  with  a  divergent  development,  partial  rwiuciioa 
of  antennae  and  posterior  wings  may  occur.  (3)  The  structure  of  the  mouth 
parts,  and  (4)  the  type  of  development,  both  described  above.  From  these 
characters  it  is  easy  to  differentiate  six  orders:  Lepidoptera,  Diptera, 
Aphaniptera,  Rhynchota,  Hymenoptera,  and  Coleoptera.  The  remaining 
forms  were  formerly  divided  among  the  Orthoptera  and  Neuroptera,  but 


IT.  INSRCTA:  HEXAPODA,  APTERTGOTA. 


477 


Ihese  groups  are  not  considered  natural  and  the  attempt  has  been  made  to 
<livide  them  into  more  or  fewer  groups.  Here  the  Pseudoneuroptera  or 
Aphaniptera  are  separated  from  the  Neuroptera,  the  wingless  forms  or 
Apterygota  from  the  Orthoptera. 

Order  I.  Apterygota. 

At  the  bottom  of  the  Hexapoda  come  forms  which  lack  wings 
5\iid  which  show  no  evidence  of  having  descended  from  winged  an- 
cestors. They  are  regarded  as  slightly  modified  descendants  of 
the  ancestral  Hexapod.  Besides  the  lack  of  wings  they  show  many 
primitive  characters;  compound  eyes  are  poorly  developed  or  lack- 
ing; the  tracheal  system,  when  not  degenerate,  consists  of  isolated 
tracheal  bushes,  rarely  connected  by  longitudinal  trunks  (fig. 
479) ;  the  mouth  parts,  resembling  somewhat  those  of  Orthoptera, 
are  for  biting,  though  frequently  rudimentary;  the  development 
is  always  amotabolous. 

Sub  Orcler  I.  THYSANURA  (Bristle-tails).  Body 
c'loiigjite,  with  long  bristles  (cerci)  at  the  hinder  end. 
JsepUtina  saccliarina*  silver  fish,  common  among  old 
b<x>ks  and  papers,  does  considerable  damage.  It  is 
covered  with  shining  scales.  Campodea  *  (fig.  400), 
with  rudimentary  abdominal  appendages.  Machilis* 
lapyx*  with  caudal  forceps. 

Sub  Order  II.  COLLEMBOLA  (Spring-tails).  Com- 
pressed  forms  in  vrhich  the  bristles  bent  under  the  body 
serve  as  a  spring,  throwing  the  animals  (one  to  three 
mm.  long)  forwards.  Podura  ♦;  Anui-ida  maritima^* 
in  tide  pools  ;  Entomobrya*;  Lipura*;  Achoreutes  ni- 
valis* the  snow  flea. 

Order  II.  Archiptera  (Psendoneuroptera).  t 

These  represent  the  primitive  forms  of  winged  ^iJf,'ccw/7i^i"*sii! 
insects.  The  elongate  body  consists  of  numerous  Klckard'.)  ^^^^^^^ 
segments  and  usually  bears  the  cerci  of  the  Thysanura.  The 
wings  are  delicate  and  transparent,  supported  by  a  close  net- 
work of  nervures,  both  pairs  being  very  closely  alike.  The 
mouth  parts  arc  of  the  typical  biting  kind;  the  maxillae  have 
lacinia  and  galea;  the  labium,  with  glossa  and  paraglossa,  is 
frequently  deeply  cleft.  These  points  of  primitive  structure 
are  correlated  with  a  primitive,  usually  hemimetabolous  de- 
velopment. The  distinction  between  larva  and  imago  is  largely 
one  of  presence  or  absence  of  wings,  although  larval  organs  like 
gills  (Amphibiotica)  may  occur.  Frequently  the  development  is 
direct  when  the  imagines,  as  in  some  Termites  and  the  Psocida9, 
are  wingless. 
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The  Arehiptera  were  formerly  united  with  the  Neuroptera  on  accoant 
of  similarities  of  winga.  The  separation  is  due  to  cbaractera  of  moath 
parts  and  development. 

Sub  Order  I,  CORRODENTIA,  Larvae  distinguished  from  the  im- 
agines by  difference  iu  size  and,  in  the  winged  forms,  by  lack  of  wiugs. 
Best  known  are  the  TERMrriDA  (laoptera),  or  white  ants,  which  must  not 
be  confused  with  the  true  anta  (tlymenoptera),  from  which  they  are  dia* 
tinguished  by  the  similar  body  segments,  the  mouth  parts,  and  the  simple 
development.  Like  the  true  anta,  they  have  a  well-developed  social  state. 
A  colony  of  termites,  coneisting  usually  of  thousands  of  individuals,  forms 
a  oest  with  numerous  chambers  and  passages.  They  are  nocturnal,  aud 
they  burrow,  without  coming  to  the  surface,  through  oli  wood  (timbers 
of  houses,  furniture,  picture  frames,  dead  wood  in  the  forest,  etc.).  They 
line  these  chambers  with  acement-likesnbstance  composed  of  refuse  which 
has  passed  through  the  alimentary  canal.  Many  species  build  dome-like 
nests,  ten  or  fifteen  feet  high,  fifteen  to  twenty  or  twenty-five  feet  across, 
of  chewed  earth.  In  a  colony  are  winged  and  wingless  individuals,  the 
latter  with  ametabolons  development  (fig.  SOS).  The  wingless  forms  have 
the  sexual  organs  rudimentary,  but,  in  contrast  to  ants  and  bees,  may 
belong  to  either  sex.  They  are  frequently  blind,  have  strong  mandibles, 
and  are  of  two  kinds,  the  workers  (c)  and  the  large-headed  soldiers  (d). 
The  winged  forms  are  sexually  fuoctional  (b).  Shortly  after  the  metamor- 
phosis they  swarm,  and  then  the  wings  are  bitten  off  at  the  base  and 
'  king '  and  '  queen '  either  form  a  new  colony  or  enter  one  already  in 
existence.  After  copnlation  the  abdomen  of  the  queen,  by  the  formation 
of  nnmerons  eggs,  swells  to  an  eDormoua  size  («),     Since  the  swarming 


individuals  form  the  prey  of  birds  and  other  animals,  it  often  happens  that 
a  colony  is  left  without  a  royal  couple.  In  such  cases  the  line  is  perpet- 
uated  by  reserve  mates  and  females,  sexual  animals  which  have  not  com- 
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pleted  the  metamorphosis  but  are  in  the  wing-pad  stage.  The  termites  are 
able,  by  quantity  and  quality  of  food,  to  modify  the  development  of  the 
larv8B  and  to  determine  which  type  of  individual  shall  be  produced.  The 
t«rmites  are  farther  noticeable  for  the  bitter  wars  they  conduct  against 
the  true  ants.  Termes  flavipes*  in  our  northern  states.  T.  fatalis^ 
Africa. 

Allied  to  the  Termites  are  the  often  wingless  Psocid^,  or  book  lice. 
Troctes  divincUorius*  is  the  book  louse.  Other  species  are  winged  and 
live  in  moss,  etc.  Near  here  also  belong  the  Mallophaga,  which,  like 
lice,  live  upon  mammals  and  especially  on  birds.  Like  true  lice  they  are 
wingless,  but  they  have  biting  mouth  parts.  Trichodectes*  on  the  dog, 
ox,  etc.;  Ooniodes*  BocopJiortis,*  Nirmus,*  etc.,  on  birds. 

Sub  Order  II.  AMPHIBIOTICA.  The  three  families  united  here 
dififer  much  in  structure,  but  agree  in  having  aquatic  larvae  with  tracheal 
gills  (fig.  495).    These  are  ventral  bushes  in  the  PerlidsB,  wing-like  or 

bushy  appendages  of  the  abdomen  in  the  Ephemeridse,  and 
three- leaved  appendages  in  those  Odonata  which  do  not 
respire  by  tracheal  branches  in  the  rectum.  All  of  these 
larvae  are  predaceous,  especially  the  larvae  as  well  as  the 
adults  of  the  Odonata.  The  Odonate  larvae  have  a  peculiar 
apparatus  for  the  capture  of  prey.  The  mentum  and  sub- 
mentum  of  the  labium  are  greatly  elongate  and  when 
folded  bring  the  tip  like  a  mask  beneath  the  mouth.  The 
structure  can  be  suddenly  extended  (fig.  507)  and  grasps 


Fig.  607. 


Fxo.  508. 


Via.  fi07.— Larva  of  JEachna  grandis.    (After  RSsel  von  Rosenhof.)  a»,  a\  wing  pads ; 

«»,  mask  ;  »t,  spiracles.  ,.,.,. 

Fio.  QM.— Ephemera  vulgata,    (From  Schmarda.)    The  caudal  bristles  incomplete. 

the  food.  PERLlDiE  (Plecoptera) ;  hind  wings  the  larger.  Perla*  Ptero- 
narcys*  stone  flies.  EPHEMERiDiE,  fore  wings  large,  the  hinder  small  or 
absent ;  May  flies,  life  very  short  in  the  adult  state.  Ephemera*  (fig.  508) 
CUon*  Batisca*  Odonata  (Libellulidae),  wings  nearly  equal,  the  hinder 
slightly  larger  ;  Dragon  flies,  veritable  insect  hawks  destroying  numberless 
mosquitoB.     Libellula*  JEschna*  Agrion*  Qomphus*    ' 

Sub  Order  III.  PHYSOPODA  (Thysanoptera).  Wings  slender,  fringed 
with  hairs ;  tarsi  bladder-like  at  lip ;  mouth  parts  bristle-like,  probably 
used  for  sucking.  The  position  of  this  group  is  very  uncertain.  Thrips,* 
Limoihrips* 
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Order  m.  Orthoptert. 

Like  the  Archiptera  these  are  hemimetabolous  or  in  a  few 
cases  ametabolous,  and  the  mouth  parts  (fig.  486)  are  fitted  for 
biting,  the  mentum  being  cleft.  On  the  other  hand  the  wings 
have  lost  the  delicate  membranous  character  and  have  become 
more  parchment-like,  the  fore  wings  being  smaller  and  serving  as 
covers  for  the  larger,  softer,  and  folded  hind  wings,  which  are  the 
efficient  organs  of  flight ;  the  condition  in  these  respects  recalling 
somewhat  the  Coleoptera.  The  abdomen  bears  cerci  and  fre- 
quently stylets.  In  internal  anatomy  the  large  number  of  Malpi- 
ghiin  tubules  is  noticeable  (fig.  491). 

Sub  Order  I.  CURSORIA.  TVith  rather  long  legs  fitted  for  rapid  run- 
ning. Otily  the  cockroaches  (BLATrm^)  belong  here.  Wings  may  be 
absent,  according  to  the  species,  in  either  sex,  but  more  freqaentl}*  in 
females.  The  more  common  cockroach,  the  *  Croton  Xyug^  {Blatta  ger- 
inaniea  *),  is  a  well-known  pest  in  houses.  The  larger  Periplaneta  oriefi- 
talis  *  is  common  in  ships  and  bakeries.    Other  species  in  our  woods. 

Sub  Order  II.  DERMATOPTERA  (Euplexoptera).  Front  wings  short 
elytra ;  the  hinder  wings  being  folded  crosswise  and  packed  beneath  them, 
or  rudimentary ;  cerci  developed  to  a  forceps-like  structure  terminating 
the  body,  whence  the  name  Forflcula*  given  one  genus.  Labidura.* 
These  forms  are  often  called  earwigs,  from  an  erroneous  belief  that  they 
enter  the  human  ear  and  injure  the  drum.  The  group  on  account  of  its 
wing  structure  is  often  made  a  distinct  order. 

Sub  Order  III.  GKESSORIA.  Legs  long,  slender,  adapted  to  a  slow 
walking  motion.  In  the  MANTiDiE  the  prothorax  is  very  long  and  bears  a 
pair  of  long  raptorial  feet  which  when  at  rest  are  held  in  a  position  which 
causes  these  insects  to  be  known  as  *  praying  Mantes.*  PJiasmomantis* 
warm  countries.  Phasmid^,  with  short  prothonix,  almost  exclusively 
tropical,  represented  throughout  northeastern  United  States  by  Diaphero- 
tnera  femorata,*  the  walking  stick.  The  members  of  this  family  are 
noted  for  their  mimicry  of  twigs  and  leaves  (fig.  12.) 

Sub  Order  IV.  SALTATORIA.  Hinder  legs  long,  stron<?,  and  for 
jumping  ;  the  other  pairs  much  smaller.  Hinder  femora  large  and  muscu- 
lar, tibisB  elongate  and  spined.  Wings  usually  functional  and  in  the 
migrating  species  capable  of  sustained  flight.  Produce  sound  (stridulate) 
by  rubbing  the  anterior  wings  together  (LocustidaB,  Gryllidae)  or  against 
tlie  legs  (Acridiidae).  Tympanal  apparatus  (p.  468)  on  the  anterior  tibiad 
(LocustidaB,  fig.  493,  and  many  Gryllidae)  or  on  the  first  somite  of  the 
u)»(lomen  (fig.  492).  Stridulation  occurs  only  in  males,  and  in  our  com- 
in  on  crickets  the  number  of  notes  is  directly  dependent  upon  tempera- 
tare,  which,  on  the  Fahrenheit  scale,  may  be  determined  by  the  formula, 

r  =  50  +  — - —  ,  in  which  T  stands  for  temperature  and  n  for  namber 
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of  chirps  per  minate.    The  females  may  readily  be  recognized  by  the  ovi- 
positor.    AcRiDiiD^ ;  anteuDas  and  ovipositor  short ;  tympani  abdomi- 


Fto.  509.— XxKMMto  cavdata,    (After  von  Wattenwyll.)    <,  ovipositor. 

nal.  Acridium* ;  Mdanoplus*  (M,  spretiiSj  the  'grasshopper'  which 
did  such  damage  in  the  Missouri  River  States  in  1873-75) ;  CEdipoda* ; 
Tettix*  locusTiDiE  ;  antennae  long ;  tympani  on  first  tibiae ;  ovipositor 
long,  flattened ;  tarsi  four-jointed.  HadefioKUSy*  wingless,  blind,  in  caves; 
Conocephcdus * ;  CyrtophUus •  and  Microcentrum*  katydids ;  Anabrus^* 
wingless.  Grtllid^,  Crickets  :  antennae  long ;  ovipositor  long,  cylindri- 
cal;  tarsi  three-jointed;  tympani  on  first  tibia.  GryUus*;  (Ecanthtut* 
tree  crickets ;  Gryllotalpa,*  mole  crickets,  burrowing. 

Orderly.  Neuroptera. 

The  Neuroptera  closely  parallel  the  Archiptera,  and  the  two 
were  formerly  united,  since  they  have  the  same  wmg  structure  and 


^lo.  h\Q,—Mvrmeleo  formicaritM,   (From  Schmarda.)    i,  imago;  f,  larra;  5,  pupa  In  its 

cocoon. 

show  in  general  appearance  great  similarities.  Thus  tho  ant  lions 
(fig.  510)  recall  the  dragon  flies;  the  Chrysopinas,  the  Perlidae. 
The  Neuroptera,  however,  are  holometabolous  and  have  a  resting 
«tage,  although  the  pupae  (pupae  liberae)  are  capable  of  some  mo- 
tion. The  mouth  parts  are  for  biting,  and  in  some  the  labium  has 
no  notch  in  the  middle. 
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Sob  Order  I.  PLAHIPENNIA.    Biting  month  pAits.    Sulida,  trinfs 
well  deTcIoped,  month  not  rostrate,  larvs  oqniitio,  commonly  c&llcd  do!)- 


luhu,*  beUgmnmlto,  tokl*.    (From  RllarJ 


PIo.  S12.~PArreon«i  pratufu.    (From  Schmuda.) 

•0118.     CorydalU*  liellgrammite ;    SicdU.*     HsMEitOBiiDf.  lace  "i"?- 
vings  well  developed,  month   not  rostrate;  larv»  wilh  sackiDgnw"* 
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parts,  predaceous.  Chrysopa  •  feeds  on  plant  lice  ;  MyrmeUo,*  ant  lions  ; 
larvae  dig  funnel-tike  pits  in  sand  and  capture  the  ants,  etc.,  which  fall 
into  them.  Panorpuu  (Mecoptera) ;  mouth  prolonged  into  a  roetrnm ; 
Panorpa,  *Blttaetu* 

Sob  Order  11.  TRICHOPTEEA  (caddis  flies).  Wings  asaally  largo; 
mouth  p.irts  rudimentary,  forming  a  short  suclcing  tube  which,  with  the 
wings  covered  with  hair-like  scales,  recalls  the  Lepidoptera ;  larrie  nquatio 
with  tracheal  gills ;  build  cases  of  foreign  matter,  stones,  sticks,  etc.,  in 
which,  like  a  hermit  crab,  they  live ;  pupation  occurs  in  these  tubes. 
Phryganea*  (fig.  513),  Bydrqpsj/che.* 

Order  T.  Stiepaiptera. 

These  forms,  comprised  in  a  single  family,  Sttlopid^,  are  parasitic  on 
the  Uymenoplera.  The  six-legged  larvee  (fig.  513,  S)  press  in  between  the 
ventral  abdominal  plates  of  beea  or  wa«ps  and  pupate  there.    The  quickly 


.    (Art«r  Bons-t    I.  femnle  :  t.  mBle  ;  s,  turre. ;  I-llI,  tbaraclo 
Bumites;  a',  rudlmeDt«ry  fore  wing  ;  a',  hind  wing. 

flying  mate  (?)  eBcapes  from  the  pupal  skic  ;  it  rei»lla  somewhat  a  beetle  ; 
has  small  fore  wings  and  large  liiuder  ones.  The  wingless,  leglees  female 
(/)  remains  in  the  pupal  skin  and  is  fertilized  there;  she  is  viviparous. 
Insects  infested  with  these  parasites  are  '  atylopized,'  Tbe  affinities  of 
the  order  are  doubtful.  The  forms  are  frequently  included  with  the 
beetles.     Stylops,'  Xerwa.' 

Older  VI.  Coleoptera. 
The  beetles  nre  the  highest  of  the  Hesapo^a  with  biting  mouth 
parts.  They  are  closest  to  the  Orthoptera,  as  is  shown  by  the 
structure  of  mouth  parts  and  wings.  The  mandibles  are  strong; 
the  maxillae  (fig.  514)  have  lacinia  and  galea;  the  labium  couaists 
of  a  eubmentum  (often  called  mentum),  behind  which  the  rudi- 
mentary mentum  with  its  palpi,  paraglosste,  and  glossie  (the  latter 
frequently  fused  to  a  lignla)  are  retracted.  (In  the  genus 
Xemognatha  the  maxillary  galea  form  a  sucking  orgaa.)  The 
group  is  diatingniBhed  from  the  Orthoptera  by  the  holometabolous 
development  with  pupffl  liberie,  while  the  larvie  (fig.  500)  show 
many  modifications  corresponding  to  the  mode  of  lile.  Another 
character  is  afforded  by  the  wings.  The  anterior  pair,  separated 
at  the  base  by  a  scutellum,  are  hard  elytra  not  fitted  for  Sight,  and 
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from  thoBe  the  order  receives  its  name  Coleoptera,  sheath  wings. 
Under  the  elytra  arc  protected  the  delicate  much  folded  liimler 
■wings,  the  organs  of  flight  (lacking  in  insects  with  fused  elytra). 
Since  the  second  and  third  thoracic  wings  and  those  of  the  abdo- 


Fia.  S14.— M&zllla  or  Piocnattt  coriaeeiu.   c,  < 

Fia.  SIS— (^uluioina  (VcophuHln.    (After  Ladwls-Leuale.) 

men  are  covered  by  the  elytra,  these  are  soft  above.  Externally 
the  relations  of  the  elytra  cause  a  regional  division  peculiar  to  the 
beetles  (fig.  515) :  head,  prothorax,  and  a  third  division  conipceed 
of  meso-  and  metathorax  plus  abdomen  covered  by  the  elytra. 

The  numerous  species  o[  beelli's — over  100,000  are  described — are  sob- 
divided  into  normal  forms  and  Rbynchophora,  tbe  normal  forms  beiug 
subdivided  again  upon  charaulers  derived  from  ttao  tarsi  as  follows  : 

Sub  Order  I.  FENTAMERA.  Tarsus  flve-joiated,  tbe  last  club-shaped 
and  bearing  tbe  claws,  while  tbe  otber  four  are  short  and  somewhat  beart- 
abaped  (flg.  516,  a).  This  is  tlie  largest  division  and 
conrains  tbe  tiger  beetles  <Cicindbud£>  and  tbe  pre- 
daceous  Oarabida  (fig.  015) ;  the  water  beetles.  Htdro- 
piiiUD^  and  DTTisaof  -,  the  Laheluoornia  or  Scara- 
BE1D£,  represented  by  the  'June  bugs/  Sleloloiitha,'  nnd 
the  large  tropical  Dynastes;  the  flre  flies,  Lamptrid^  ; 
the  rove  lieetles,  STAPHTi.iNiD-t:.  etc. 

Sub  Order  II.  HETEROHERA.  First  and  second 
logs  penlamerous,  third  nppnrently  four-joiuieil ;  few 
forms  U'iong  here,  among  ihem  the  'oil  botllea'  (Me- 
luidj£)  and  the  blister  beetles,  Canthakid^,  both  of 
them  coDtaining  a  peculiar  substance,  eaatharitlin. 
which  renders  tbe  Spanish  fliea,  Lytta  vexUxUoria.  an 
wrBai  join',.  important  ingediont  of  blistering  plasters.    Some  of  the 

Ienebrionid^  live  in  the  larval  stages  in  flour,  etc. 

Sub  Order  III.    TETBAMERA    (Cry ptopen tamers).    Tarsi  with  iho 


I ;  -.  reduced 
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peuiih  joint  rudimentary,  gJTing  the  impression  of  four  joints.  The 
fHuiilies  itidutied  here,  very  numerous  in  species,  are  injurious  to  vegela- 
tion.  The  larvie  oE  ihe  lang-horned  Cerambtgid£  bore  Ju  wood.  The 
Chbtsohel[ii£.  of  which  the  Colonulo  potato  beetle  (Dory- 
phora  decemiiueata)  is  tlie  most  notorious,  feed  ou 
leaves. 

Sub  Order  IV.  TRIMERA  ;  tar^i  with  penult  and  anti- 
penult  joiuls  rudimenlai7,  so  tliat  they  appear  three- 
jointed.  Best  known  are  the  CocciNEixiDi;  or  lady  birds, 
whose  tnrvie,  because  of  their  destruction  of  plant  lice, 
etc.,  are  of  value  to  man. 

Sub  Older  V.  RHYNCHOPHORA,  snout  beetles  ;  bead 
produced  into  a  long  snout,  at  the  apex  of  whioh  are  the 
mouth  parts.     Here  belong  several   families  of  weevils,   Fta.bn.—BaUmi- 
some  or  which  do  damage  to  grnin,    nuts,  timljer,    etc.      h™!  nll^'iS^ 
Cureidio*  Conolrachelus,'*  CtUandra*  Hyksintta*  Bala-      vii. 
ninui*  (fig.  517). 

Order  vn.  Hymenoptera. 
Tho  Hymenoptera,  of  whicli  bees,  wasps,  and  ants  are  well- 
known  repreaentihves,  hare  biting  jaws,  while  the  other  mouth 
purta  are  elongatr;  and  in  a  minority  of  the  group  converted  into  a 
sucking  organ.     In  the  bees  (fig.  487)  the  gloeaa  unite,  producing 
a  nearly  closed  tube,  which  lies  in  a  sheath  formed  by  the  other 
mouth  parts,  the  mandibles  alone  retaining  the  primitive  form. 
Since  month  parts  vary,  the  structure  of  the  wings  and  body  seg- 
mentation have  great  value  in  defin- 
ing the  order.     Tho  winga  are  mem- 
branous and  are  supported   by  few 
nervuree  (fig.  518),  and  in  Sight  they 
act  as  one  pair,  sinco  the   two   are 
usually  connected  by  hooked  bristles 
on  tho  hind  wing,  which  engage  in 
a  groove  on  the  hinder  margin   of 
the  front  wing.     The  fore  wings  are 
the  larger  and,  correspondingly,  the 
mesothorax  exceeds  the  other   tho- 
racic somites,  so  that  these,  especially 
Vm.!>\i.-ssrn f,ig(u,aa.^tiy.  (After  the  prothorax,  Bcom  but  parts  of  the 
Taechenberg.)  iitoa^  mesothorax.    Besides,  the  first 

abdominal  ring  unites  to  the  thorax  so  intimately  in  the  En- 
tophaga  and  Aculeata  as  to  seem  part  of  it.  The  constriction 
which  then  separates  thorax  and  abdomen  comes  between  the  first 
and  second  abdominal  somites,  and  when  the  second  (petiole)  is 
elongate  the  stalked  abdomen,  familiar  in  the  wasps,  results. 
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The  sexes  are  readily  distinguished  by  the  genital  armature. 
The  female  is  provided  with  the  ovipositor  already  described,  which 
v^rhen  used  for  this  purpose  only,  projects  from  the  hinder  end  of 
the  body  (fig.  518),  but  when  used  as  a  sting  (aculeus),  can  be 
drawn  back  in  the  body  when  at  rest.  The  sting,  naturally  lacking 
in  the  male,  is  connected  with  a  poison  gland,  the  secretion  of 
which  owes  its  effect,  not,  as  once  believed,  to  formic  acid,  but  to 
a  little  known  basic  substance. 

The  distinction  between  ovipositor  (terebra)  and  aculeus  affords  cbprnc- 
tersof  systematicimportance;  othersare  famished  by  the  development,  which 
is  always  holometabolous.  The  pupae,  in  all  important  points,  are  similar 
(pupsB  libersB),  but  two  kinds  of  larvae  are  distinguished.  Some  have  larvae 
with  well-developed  legs;  many  of  them  are  green  in  color  and  distin- 
guished from  the  larvae  of  Lepidoptera  by  the  greater  number  of  prolej2:s. 
Others  have  footless  larvae  (fig.  59).  The  first  occur  where  the  larva  must 
shift  for  itself,  the  second  where  it  is  surrounded  by  an  abundance  of 
food,  either  provided  by  the  parents  or  by  the  host  in  which  it  is  parasitic. 
Sub  Order  I.  TEREBRANTIA.  Terebra  present ;  larvae  with  feet  at 
least  on  the  thorax;  eggs  luid  on  leaves  or  in  wood,  usually  without  gall 
formation;  the  larvae  therefore  must  move  in  order  to  feed.  The  Ten- 
THREDiNm^,  saw  flies,  feed  on  leaves  and  have  caterpillar-like  larvae. 
Cimhexft  Nemattisf  SiRiciDiE  (Uroceridae),  horn  tails,  the  larvae  bore  in 
wood  and  are  whitish. 

Sub  Order  II.  ENTOPHAGA.  Terebra  present ;  larvae  legless,*  para- 
sitic in  galls  or  in  animals.  Some  use  the  ovipositor  to  lay  their  eggs  in 
leaves,  roots,  or  stems  of  plants.  Galls  are  then  produced,  diseased  struc- 
tures by  which  the  larvae  are  nourished.  Others  use  the  ovipositor  to  lay 
their  eggs  on  or  in  other  insects  and  larvae.  The  young  feed  on  the  tissues 
of  the  host  and  at  last  cause  its  death,  often  before  the  completion  of  the 
metamorphosis.  The  gall-producing  forms  are  the  Ctniph)^,  some  of  which 
afford  examples  of  heterogony  (p.  145),  in  which  the  alternating  generations 

are  distinguished  by  different  structure,  by  sexual 
and  parthenogenetic  reproduction,  and  by  different 
kinds  of  galls.  So  different  are  the  two  generations 
that  they  have  frequently  been  described  as  differ- 
ent genera.  The  inquilines  do  not  form  galls,  but  lay 
their  eggs  in  the  galls  of  other  species.  The  insect 
parasites  tire  divided  among  several  families,  the  more 
prominent  being  the  Ighneumonid^,  Braconid.£,  and 
CHALCiDiDiG,  those  of  the  first  being  large,  the  others 
-Bw    etn    ^i   I  -  *^.,-     small  or  minute.     These  forms  are  of  immense  value 

Fio.  619.— r/za/na  flavi-  .  ,         ,  , 

p<s.*  (After  Howard.)     to  agriculture,  as  they  keep  down,  as  no  economic 
entomologists  or  insecticides  can,  injurious  forms. 

Sub  Order  III.  ACULEATA.  Females  with  stings;  larvae  footless, 
maggot-like.  The  digger  wasps  or  Fossores  excavate  tubes  in  the  earth  in 
which  they  lay  their  eggs  and  then  bring  into  the  holes  as  nourishment 
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other  insects  which  they  have  paralyzed  by  a  sting  in  the  ventral  cord« 
Sonce  true  wasps  have  similar  habits.  Most  wasps  (Yesparle)  and  bees 
(Apiari^)  have  different  habits.  They  build  wonderful  homes  of  chewed 
wood  (the  first  pulp  paper)  or  skilfully  trimmed  leaves,  earth,  etc.,  or  of 
wax  which  the  animals  (bees)  secrete  between  the  joints  of  the  abdomen. 
The  nests,  which  are  to  contain  the  young,  are  either  small  tubes  or 
hexagonal  cells  which  are  united  to  horizontal  or  vertical  combs;  the  food 
is  either  honey,  pollen,  or  chewed  fruits.  The  fact  that  the  offspring  are 
better  protected  when  numerous  individuals  protect  them  has  apparently 
led  in  the  wasps  and  bees  to  different  grades  of  social  states.  The  honey 
bees  {Apis  melliflca*)^  which  live  in  a  colony,  consist  of  three  kinds  of 
individuals  distinguished  by  structure  of  the  head  (fig.  520)  and  other 
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Fio.  500.— Heads  of  ApU  m^Hiflca.    (After  Boas.)    a.  queen;  b,  worker;  e,  drone  with 

the  compound  eyes  meeting  above. 

features :  a  single  queen,  some  hundred  drones,  and  about  ten  thousand 
workers.  These  last  are  females  and  hence  have  stings,  but  have  rudi- 
mentary fuuctionless  sexual  organs;  their  work  being  to  build  the  home, 
to  protect  the  young,  and  provide  food  for  the  winter.  The  business  of 
«gg-!aying  belongs  to  the  queen,  who  copulates  but  once,  at  the  beginning 
of  her  reign,  when  she  and  a  drone  take  a  wedding  flight.  For  the  four 
years  of  her  life  the  sperm  retains  its  vitality  in  the  receptaculum  seminis. 
In  laying  the  eggs  she  can  permit  entrance  or  not  of  the  spermatozoa  at 
will  and  thus  produce  males  or  females.  A  queen  who  has  not  been  fer* 
tilized  or  who  has  exhausted  her  supply  can  only  lay  drone  eggs.  The 
funher  fate  of  the  eggs  depends  upon  the  food  of  the  larvae;  with  a  small 
amount  of  bee  bread  (pollen)  workers  are  produced,  but  the  same  larva 
placed  in  a  larger  cell  and  fed  with  the  *  royal  jelly '  (much  like  blanc 
mange  in  appearance)  will  develop  into  a  sexually  mature  queen.  On 
escape  from  the  queen-cell  the  young  queen  with  a  part  of  the  colony 
swarm  and  start  a  new  colony.  This  operation  may  be  repeated  once  or 
twice,  but  if  there  be  danger  of  depleting  the  hive  the  remaining  queen 
larvsB  are  killed.  Wasps  and  bumble-bee  colonies  last  but  a  year  and  are 
reformed  by  a  fertilized  female  which  has  lived  through  the  winter. 

The  ants  (FoRMiCARiiE)  have  gone  beyond  the  bees  in  the  social  organi- 
zation. They  have  also  departed  most  from  the  other  Hymenoptera  in 
that  the  workers,  sometimes  the  sexual  individuals,  are  wingless  and  the 
sting  is  rudimentary  or  entirely  lacking.  Only  the  Poneridse  sting  like 
bees  and  wasps  ;  the  others  bite  and  squirt  the  secretion  of  the  persistent 
poison  gland  (formic  acid)  into  the  wound.    The  homes  of  the  ants  are 
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less  wonderful  than  those  of  the  bees,  but  their  socitti  orgnDization  is  fre- 
quently more  complicaled.  In  the  colony  occur  (he  wingless  workers 
(rudlmenlary  females  with  wing  pads  in  lurval  life  which  are  lost  in  pupa.- 


tion),  and  of  these  frequently  there  are  different  kinds,  large-headed 
soldiers  and  small-headed  workers  ;  '  honey  sacs '  in  MyrmecocysUis  ;  and 
the  sexual  animals,  queens  and  drones,  which  copiilnte  in  a  marriage 
flight.  The  queen  after  the  flight  returns  to  the  (.■olony.  Frcquenily 
other  insects,  like  the  Apltides,  nm  con- 
nected with  the  colouy,  these  being  kept 
for  the  honey  dew  they  produce,  U.nny 
ants  atenl  the  pupee  of  others  and  keep 
the  adults  when  they  emerge  as  slaves. 
Ill  Polj/ergtia  rv/escena  this  has  gone  so 
far  that  the  masters  cannot  care  for 
themselres  and  must  be  fed  by  the  slaves; 
otherwise  they  die.  The  ants  possess 
extreme  interest  on  account  of  their  care- 
fully planned  n 
of  their  relatie 
making  nests  i 
prolecling   it   by 
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s  {Eeitons) ;  on  account 
.  In  plants,  some  species 
the  growing  plant  ami 
their  biles ;  the  leaf- 
cutting  nuts  tnke  leaves  from  trees  and 
curry  them  into  their  underground  ne.'its 
for  tlie  cultivation  of  fungi  on  whii-h 
they  feed  ;  the  agricultural  ants  from 
their  plantations  and  stores  of  grain,  and 
the  honey  nuis  from  the  fact  that  cerliiin 
■fim.  workers  {flg.  53X)  act  a 


«ma:?r'"4S!i"d*e''>4-t1»-  ''oi'*"?'  Ibeao  ■  honey  SI 
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Order  vm.  BbyncboU. 
The  Rlijnchota,  or  bugs,  in  their  external  appearance  are 
nearest  to  the  Archiptera  and  Orthoptera.  The  head,  thorax,  and 
abdomen  are  joined  in  the  same  way;  the  development  is  hemi- 
metabolous,  and  in  the  wingless  species  ametaboloua.  In  some 
cases,  as  the  Cicadas  with  their  membranous  wings,  the  confuaioQ 
■with  the  Orthoptera  has  led  to  these  being  called  locusts;  on  the 
other  hand  the  delicate -winged  Aphides  resemble  the  Archiptera. 
Yet  all  Rhynchota  may  be  recognized  by  the  sucking  proboscis 
(fig,  523),  consisting  of  the  grooved  labium  in  which  the  ueedle- 
like  mandibles  and  maxillie  play.  The  wing  structures  afford  the 
ba&is  of  division  into  three  aub  orders. 

Sub  Order  I,  HEMIPTERA  (Heleroptera).     Anterior  wings  hemelytra, 
I.e. ,  leathery  at  tbe  base,  soft  aod  elastic  at  the  tip  (flg.  634);  between  the 


tia.lS^—PBntaiomaTufipa,    (From  Hajek.)    (,  sontellnm. 

hemelytra  is  a  conapicaous  triangular  scutclluni  (*>  which  covers  more  of 
leu  of  tbe  dorsai  surface.  Hemelyira  and  scuiellum  occasionally  disap- 
pear. A  further  charnctenstio  is  tlie  presence  of  stink  glands,  producing 
a  mont  disgnstini;  odor,  which  upeti  iu  the  adults  vcntrally  on  the  meta- 
tbarai;  in  the  larvie  dorsallyon  tlie  abdomen.  According  to  habits  the 
many  families  may  bo  grouped  into  the  aquatic  Hydbocoues  and  the 
terrestrial  Geocores.  Of  the  first  the  BelostohidjR  are  noticeable  from 
tbeir  size.  BelosU>ma  americana*  being  nearly  2^  inches  long  and  cnpablo 
of  inflicting  severe  wounds.  Other  fitmilica  are  Nefida  iRanatra,  writer 
scorpion).  NoTONBcrm^,  Htdrobatid^,  etc.  Of  the  Geocores  the  Redu- 
Tim£,  which  feed  on  other  insects;  Ihe  AcakTHUDM  (Aeanthia  lectuaria* 
the  bed  bu^);  the  Lyg^id^,  containing  the  chinch  bug.  Blissus  leiicop- 
Urrts,*  so  injurious  to  grain;  and  the  Pe.ntatouid^,  or  stink  hugs,  may  be 
mentioned. 

Sub  Order  11.  HOMOPTERA.  Wings,  when  not  degenerate,  similar  in 
texture  til  rough  out,  alihougb  often  differing  in  size.  They  are  either  parch- 
ment-tike or  delicate  memliranes.  The  Cicadid^e,  reprcsenteil  by  Cteada 
sepiendecim,*  the  Be  veri  teen -year  '  locust.'  and  C.  tibken,*  or  dog-day  har- 
vest fly,  are  noticeable  from  their  shrill  notes,  produced  by  a  stridulating 
drum  on  tlio  abdomen,  C.  orni  ot  the  Old  World  fig.  536)  punctures  ash 
trees,  causing  the  flow  of  manna.  Tho  Cekcopid*  contains  the  spittle 
bug  (Aprophora  *)  wliich  causes  drops  of  foam  on  grass.    The  leaf  hoppers, 
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Pro.  BSO.— r\cada  omf.    (From  SchnurdL) 

or  JASSiDiG,  contain  gome  injurious  Forms,  Erythronura  rtf w* diiniaging 
the  grape,  while  the  true  hoppers,  Mehbragid£  (flg.  52T),  are  scArcely  leu 
injurious.  None  of  tliese,  however,  are  such  serious 
pests  as  the  plant  lice  »ud  scale  insects.  In  Ibe 
CocciDf,  or  scale  insects,  the  wingless  female  dies 
afier  laying  the  eggs  and  covers  them  with  her  deiid 
scale-like  body.  Here  belong  the  cochineal  insecii, 
Cocais  cadi,*  the  dried  bodies  of  which  furnish  the 
pigment  carmine,  and  the  liic  insects.  Coomu  lanfo, 
.  as  well  ns  a  lioat  of  iuj'.irious  forms,  like  the  orange 
scale,  A^pidotus  anrantii.'  and  (he  worse  Snn  io^ 
scale,  d.pef'»fcio*t£«,*  which  has  receutly  beensprend 
ihroughour  Ihecounlry.  The  Apbid£,  or  plant  lice, 
nro  soft-skiniLcd  and  with  their  honey-con (niiiiDK 
excrement  form  a  substratum  for  the  growth  oF 
Fio,  sn —Crrttn  truhn  '"jurions  fungi.  They  reproduce  largely  by  parlhe- 
*'"*■■  "'  -  nogenesis,  a  reason  for  their  rapid  multiplication; 
s  uot  rapid,  since  the  usunllj  vivip- 
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arous  femftlea  at*  wiagless.    At  times  winged  females  appear  aod  spread 


(From   Lndwtg.LeDiiia.)    i.  wlnsed  generation: 
caused  by  Phrlloxern ;  /,  wingleas  root-Beneratlon. 

tbe  pesla.     Wiaged  males  appear  in  the  nutumn,  and  tbe  fertilized  e^s 

endnre  the  winter.    Of  all  the  species  none 

is  more  injurious  than  tbe  Phylloxera  vasla- 

trix*  of  Ihe  grape,  which  with  us  does  slight 

damage,  but  in  Europe  has  destroyed  whole 

vineyards.     This  is  one  of  our  returns  for  the 

many  pests  the  Old  World  has  sent  us. 

Sub  Order  III.  APTERA.  Wingless  bags 
with  direct  development,  commonly  Itnown 
as  lice,  of  which  three  species  attack  man, 
one  living  in  the  hair  {Pediculus  capilis'). 

tbe  nlhen  (P.  VMtiinentoi-uin*  nnd  Phtliirius  Tf-  bm— F*ttiWu»  inguinaiit, 
-  -   -  CTftb  looBS.    (After  Leockftrt.) 


Order  IX.  Diptera. 
Like  the  Ehynchota,  the  Diptera,  or  flies,  are  sticking  insects, 
bat  tbe  sacking  tube  or  bsustellum  is  diflerent,  here  consisting 

of  a  tube  formed  of  both  labium  and  labrum,  and  containing 
stylets  which  include,  besides  mandibles  and  maxillie  (often  rudi- 
mentary), the  hypopharynx  (flg.  488),  the  maxillary  paJpi  being 
present.  Only  the  anterior  wings  (hence  Diptera)  are  well  de- 
veloped, the  hinder  wings  being  replaced  by  the  halteres  or  bal- 
ancers, small  drumstick-like  stmctures  richly  supplied  with  nerves 
and  functioning  as  organs  of  equilibration.     The  thorax  is,  as  in 
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F^a.  S30.— Ifutco,  booBe  Of  (ortg.)- 
tbe  Hymen  op  tera,  sh&rply  marked  off  from  head  and  abdomen,  its 
BomiteB  being  frequently  fused.  The  doTelopment  is  holometab- 
olous,  two  kinds  of  larvsB  and  pupte  occurring 
in  its  course.  The  larreeare  always  apodal,  but 
have  either  a  distinct  head  with  biting  mouth 
parts  or  they  are  headless  and  have  a  rudimen- 
tary sucking  apparatus  {fig.  531).  The  pupe 
are  correspondingly  either  free  with  powers  of 
motion,  or  are  pupse  coarctat»  (p.  474).  De- 
velopment thus  afEords  characters  of  systematic 
im.portance,  and  these  are  supplemented  by  dif- 
ferences in  length  of  legs,  antennae,  hauetellum, 
V\a.  531.  — Larva  of  and  in  body  form.  In  number  of  apeciea  the 
iar)»!"(AlSr  Leuckl  Diptera  stand  nest  to  the  Coleoptera;  in  num- 
""■'  her  of  individuals  they  far  exceed  them. 

SubOrderl.  NEMOCERA.  Elongate  with  long,  many-joiDted  nntennip, 
long  proboscis,  long  legs.  Tlio  larva  live  in  damp  places  or  in  water,  where, 
lacking  legs,  they  swim  by  movements  of  the  body.  The  pupro  can  also 
strim  well.  Bestknon-ti  are  Ihe  ioiiocuoua  crane  flies  (Tipuud£)  and  the 
mosquitos  <CtiLiciD£)  with  Lheir  numerous  species  affecting  man,  among 
them  the  forms  which  carry  yellnw  fever,  nnA  Anopheles  *  which  distribule 
malari.t.  The  Cecidomvid.^  incliuieihe  injurious  Hessian  fly,  Ceeidomyla 
destructor*  and  the  pteilogenelic  lliastor  (fig.  498). 

Sub  Order  It.   TANYSTOMA.    liesemble  the  Muscarin  (with  which 
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they  were  formerly  united)  in  Ihe  sliort  stoul  bodies,  short  nntenme  and 
legs.  They  nre  dislitigiiighed  from  lliem  and  resemble  llie  Nemocera  in 
tbeir  long  proboscis  ntid  in  developmeni.  Tbe  larvee  nnd  pupte  lire  in 
damp  places  or  in  water  iind  move  rapidly,  (lie  liirvs  having  biting  mouth 
parts.  Here  belong  the  black  flies,  Simuliid£,  which  excel  the  mogquiios 
in  their  viciousness,  and  Ihe  horse  Sies,  Tabanid.£,  the  females  of  which 
«llack  cattle  and  men,  as  well  ns  horses,  with  their  pninful  bites. 

Sub Oi-der  III.  MUSCARINE  (Brauhycera,  after  remorul  of  Tanystoma). 
Biidy  Bhorl,  stout ;  aniennie  three-join  ted  with  a  bristle  (arista)  (flg. 
532) ;  legs  shorl.  ending  in  an  adhesive  organ  (pulvillus) ;  larvte  headless 


Fia.  S3S.  Tio.  S33. 

Fia.  tSK.— Lett,  Etui  iMMlai-Ui.  robber  nj- ;  rtsht,  HCtemia  of  HUBcid  showing  arUtft 
Tn3.BSL—Qatlropltilu*tqui'bot.By.    (From  Hajek.)   A,  lu,lt«rea. 

hving  in  decaying  substances  or  parasitic  in  other  animals.  Tlie  Mus- 
ciDfinclade  the  house  B\e&{Muscadom€stKa*  and  other  species),  the  blow 
&j(CaUiphoravomiloria*),s,ndi\>e  flesh  fly  {Savxtphagacarnaria*),  which 
is  viviparous.  The  Abiudj:,  or  robber  flies,  prey  on  other  insects,  as  do 
some  of  Ihe  6TRPmi>£ :  Erixlalla*  of  this  family  has  an  aquatic  'rat- 
tailed  larva,'  one  end  being  drawn  out  into  a  long  breathing  lube. 
<EaTRiD.£,  hot  flies  ;  the  larve  always  parasitic;  those  of  the  sheep  bot 
{(Estrus  ovia*)  in  the  frontal  sinuses  of  the  sheep,  causing  the  disease 
called  'staggers';  tbose  of  the  ox  warble  (Hffpodemta  Uneata*)  just 
beneath  the  skin  of  cattle;  those  of  the  horse  (Oastrophilits  egui,*  ftg. 
633)  in  (he  stomach  of  Ihe  horse.  In  Ihe  tropics  Dermatobia  noxialia 
lives  IIS  a  larva  in  the  human  skin. 

Sub  Order  IV.  PUPIPARA,  Very  active,  often  wingless  forms  living 
as  parasites  on  mammals  and  insects;  larval  development  inside  the 
mother;  pupation  occurring  soon  after  birili. 
Mtiophagta  ovinut*  sheep  tick;  Braula  cttca,* 
bee  louse. 


Order  Z.  Aphaniptera  (Sipbonapteni). 
In  spite  of  the  lack  of  wings  the  flcna  are 
closely  related  to   the   Diptera,  since  they 
have  doubtless  descended  from  winged  forms, 

aa   is   shown  by  the  fact  that  they  have  a  Fio.  bs*.— piii-x  UTit-ft,' 
holomctabolons  development.      The   larvte,       ™^ 
long  and  footless,  live  in  decaying  wood  or  dust  in  cracks  in  the 


SI 
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floor,  etc.,  and  give  rise  to  pupae,  both  without  traces  of  wings. 
Yet  fleas  and  flies  differ  in  that  the  fleas  have  simUar  body  somites 
but  the  haustellum  is  lacking,  the  sucking  tube  being  formed 
of  labrum  and  mandibles,  while  the  sharp  maxillas  puncture  the 
skin.  Besides  Pttfea;  trrt7aw«,*  the  flea  that  attacks  man,  many 
other  species  occur  on  other  animals.  In  warm  countries  the  jigger 
or  chigoe,  Sarcophsylla  penetrants f*  attacks  man,  the  female  boring 
into  the  skin,  usually  under  the  nails,  and  there  laying  the  eggs. 

Order  ZI.  Lepidoptera. 
This  group  of  butterflies  and  moths  is  the  most  sharply  limited 
of  any  order  of  Hexapods.  The  wiugs,  both  pairs  of  which  are 
well  developed  (rarely  lacking,  as  in  many  female  Psych  idse  and 
some  Geometridae),  are  covered  with  scales  (flattened  hairs),  and 
to  these  are  due  the  frequently  brilliant  color  patterns.  Frequently 
the  fore  and  hind  wings  are  united  by  hooks  i^frentduw)  on  the 
latter,  engaging  in  a  reiUiaculum  in  the  fore  wing.  The  mesothorax 
is  large  and  the  smaller  pro-  and  metathorax  are  closely  united  to 
it,  giving  the  region  a  distinctness  from  head  or  abdomen.  The 
mouth  parts  are  peculiar  (flg.  489),  although  foreshadowed  in  the 
Phryganids,  and  not  fully  developed  in  the  Microlepidoptera.  The 
mandibles  are  rudimentary  or  absent,  while  the  fused  maxillas, 
greatly  elongate,  form  the  proboscis.  Iblaxillary  and  labial  palpi 
are  present,  the  former  smaller  and  often  degenerate.  The  de- 
velopment is  holometabolous;  the  larvae,  frequently  called  cater- 
pillars (fig.  502),  have  biting  mouth  parts,  the  mandibles  veiy 
strong;  and  also  silk  glands  (sericteria),  a  pair  of  internal  organs 
which  open  together  on  the  labium  and  produce  a  secretion  hard- 
ening to  silk;  besides  the  thoracic  legs,  prologs,  two  to  five  pairs, 
are  present.  The  pupae  are  usually  pupae  obtectae,  and  are  rarely 
free.  In  some  the  pupae  are  ornamented  with  golden  spots,  whence 
the  name  chrysalides  often  applied  to  them. 

Sub  Order  I.  MICROLEPIDOPTERA.  Small,  inconspicuous;  at  rest 
holding  the  wings  horizontally  over  the  back  ;  oiaxillary  palpi  very  hirge  ; 
proboscis  small.  TiNEm^fi ;  the  larvae  form  a  tube  of  the  food  material 
which  they  carry  around  with  them.  Tinea  peUiondla*  the  clothes 
moth.  ToRTRiciD-fi  ;  the  larvae  roll  leaves  into  a  tube.  Carpocapsa  porno- 
neUa*  the  codlin  moth,  the  Inrvae  infesting  apples. 

Sub  Order  II.  GEOMETRINA.  Moths  slender,  the  wings  in  pattern 
and  shape  recalling  those  of  butterflies,  but  held  horizontally  when  at 
rest;  *  tongue'  (proboscis)  small;  larvae  with  two,  rarely  three,  prolegs, 
known  as  span  or  measuring  worms  from  their  gait.  Species  nameroos. 
Canker  worms  {Paleacrita  vernata*  Aloscphila  pometaria*  females 
wingless),  Diastictis  rtbearia*  currant  worm. 
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Sub  Order  III.  NOCTITINA.  Owlet  moths ;   witb  short  bodies ;  fore 
rings  usually  gray  and  oruamealed  by  two  spots  sad  zigzag  Hues  wliioh 


Fia.  SeL—LeMania  unij/unelata,  Bnnj-iininn  kod  moth.    (From  Riley.) 

ftt  rest  coTer  the  frequently  (as  in  Catocala*)  brightly  colored  hind  wings. 
1800  species  iu  TJiiited  Stales.  Bypena  huinuli*  hop  worm  ;  Aletia  argil- 
laeea,*  cotton  worm  :  Leueaiiia  unipuTtctata*  army  worm  ;  cut  worms. 

Snb  Order  IV.  BOMBYCINA,  silk  worms.  Body  Urge,  wooly,  usually 
tvoad  dnll-colored  wings;  occasionally  lucking  ,jn  the  females;  proboscis 
frequently  rudimentary.  AntenoEe  long,  pectinate  ;  \m\sb  hairy,  with 
well-developed  spinning  powers.  Host  imporlnnt  are  the  true  silk  worms 
{Bombyx  mori*i,  natives  of  China,  while  others,  like  Telea  polgphemiu,* 
furnish  silk  of  vnlue.  Still  others  cause  great  ditmage  to  forest  trees, 
among  them  Che  tent  caterpillars  (C'ifiocam^*)  and  the  imported  gipsy 
moth  Oeneria  ditpar  (Sg.  72). 

Sub  Order  V.  8PHIN01NA.  Body  long,  stout ;  tore  winga  long,  slender, 
hind  wings  shorter;  proboscis  very  long  ;  antennee  short ;  lame  with  a 


Fio.  eet.—EvtnTix  mv'</».    tFrom  Ril«f .) 

caudal  spine.  PMegethontius  celem.*  tomato  worm  ;  P.  Carolina.*  tobacco 
worm.  Ckinsiderably  different  are  the  SEaiiD*:,or  'clear  wings,'  which 
resemble  bees  and  wasps. 

6nb  Order  VI.    RHOPALOCERA,  butterflies.    Body  slender ;  winga 
held  vertically  when  at  rest,  proboscis  long  ;  anteunie  clubbed  at  the  tip  ; 
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larvae  usually  spiny;  pupEB  hang  by  a  thread,  never  a  cocood.  Specin 
numerous.  Vanessa  atitiopa*  lives  over  winter;  the  species  of  Pterit* 
attack  cabbages,  etc.;  PapUio,"  swallow  tails. 

Class  V.  Dlplopoda  (Chilognatha). 
The  Diplopoda  are  usually  united  with  the  Chilopoda  in  » 
group  of  Myriapoda;  but  while  they  agree  in  having  a  head  fol- 
lowed hy  numerous  foot-bearfng  segments,  they  differ  so  greatly 
that  no  union  is  possible.  The  body  is  nearly  cylindrical,  although 
in  the  Polydesmids  by  lateral  growth  it  may  be  flattened  above; 
the  legs  are  close  together  on  the  ventral  surface,  with  the  tracheal 
openings  near  them,  while  on  the  sides  of  the  body  are  other 
openings  of  defensive  glands,  the  foramina  repugnatoria. 


FlO.  531.— Schematic  section  o(  Dfplopod  (compare  with  Ar.  *81i.  rf,  digsstlvo 
u.  Konod;  h,  heart:  i,  repaeofttorisl  gland  :  t.  splraole  and  crecheee. 

FlO.  ^.— Mouth  parts  of /■ilix.  i  After  LatzeU  i .  mandlblaa  ol  J.  molybdii 
gaathochllarium  (fused  maxilla)  of  /.  tuniiut. 

A  more  marked  feature  is  that  each  segment  of  the  body  except 
the  first  four  or  five  hears  two  pairs  of  oppendages,  which,  with  a 
similar  duplicity  in  chambers  of  the  heart,  trachece,  ganglia,  etc., 
shows  that  a  fusion  has  occurred.  The  anterior  somites  bear  at 
most  but  a  single  pair  of  legs;  both  legs  and  antennie  are  short. 
The  head  bears,  besides  the  anteuDte,  but  two  pairs  of  appendages, 
a  pair  of  several-jointed  mandibles  (fig.  538),  and  a  pair  of  radi' 
mentary  maxillse  fused  to  a  single  plate,  the  gnathochilarium. 

The  gonads  lie  ventral  to  tlie  intestine  far  buck  in  the  body,  those  of 
the  right  and  left  sides  enclosed  in  a  single  sac  ;  the  ducts  open  separately 
on  the  second  somite  of  the  trunk.  The  spermatozoa  are  not  motile.  The 
legs  of  the  seventh  segment  of  the   male  are  used  in  copulation.    Tba 
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youDg  escape  f  ram  the  egg  with  three  pairs  of  legs,  a  point  ODce  thought  to 
show  reaemblances  to  the  Hexapoda,  bat  which  does  Dot,  for  th«ee  lega  are 


FiQ.  138.— Reibpod  roang  of  StroMnioioma.    (After  MetBchnlkoS.) 

OD  the  fourth,  eixth,  and  seventh  somites  of  the  body.     The  Iulida  have 
elongate  cylinilrical  bodies  ;    Bpirt^xilus.*   Qumerius  short,  capable  of 


iiuL     (After  Sohmardft.) 


rolling  into  a  ball  ;  Poltdesmids,  with  wing-like  processes  to  the 
segments,  giving  them  a  d>ittmied  appearaoce.  Pauropuda  :  minute  ;  body 
with  twelve  segments,  tending  to  fuse  to  six,  Fauropus,*  Eurypauroptu.* 
More  uncertain  in  position  are  the  Stmphtla  (Soolopendrella  *),  bat  from 
the  position  of  the  genital  opening  they  are  placed  here. 

Summary  of  Importsnt  Pacts. 

1.  The  ARTHROPODA  are  animals  with  evident  internal  and 
^external  Begmentation  (metameriBm). 

2.  The  metameriBm  \h  expressed  internally  in  the  ladder-like 
nervouB  system,  in  the  structure  of  the  heart,  and  in  the  arrange- 
ment of  segmental  organa  and  trachese  so  far  as  these  are  present. 

3.  The  outer  segmentation  is  expressed  in  the  rings  of  the  chi- 
tinous  coat  of  the  body  ae  well  as  in  the  metameric  arrangemeDt 
of  the  appendages. 

1.  From  the  similarly  metameric  Annelida  the  Arthropoda  are 
distinguished  by  the  presence  of  jointed  appendages,  at  most  a 
pair  to  a  somite.  The  appendages  may  be  divided  according  to 
function  into  antenna,  jaws,  accessory  jawa,  feet,  and  swimmerets. 

5.  A  further  distinction  is  the  grouping  of  the  somites  into 
regions  of  which  usually  head,  thorax,  and  abdomen  are  recognized. 

6.  The  head  bears  the  tactile   and  eating  appendages;    the 
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thorax  those  used  in  locomotion  (pereiopoda),  the  abdomen  the 
swimmerets  (pleopoda),  or  it  lacks  appendages. 

7.  By  fusion  of  head  and  thorax  a  cephalothorax  is  produced; 
a  postabdomen  may  be  separated  from  the  abdomen. 

8.  The  eyes  are  cither  ocelli  or  compound  eyes. 

9.  Hermaphroditism  is  rare;  reproduction  is  by  eggs;  fre- 
quently there  is  parthenogenesis^  rarely  psadogenesis.  The  eggs 
usually  have  a  superficial  segmentation. 

10.  The  Arthropoda  are  divided  into  Crustacea,  Acerata, 
Malacopoda,  Insecta,  and  Diplopoda. 

11.  The  Crustacea  respire  by  gills;  they  usually  have  two 
pairs  of  antennae,  and  usually  biramous  feet;  the  reproductive  ducts 
open  near  the  middle  of  the  body. 

12.  The  Crustacea  are  divided  into  Trilobitae,  Phyllopoda, 
Copepoda,  Ostracoda,  Cirripedia,  and  Malacostraca. 

13.  Phyllopoda,  Copepoda,  Ostracoda,  and  Cirripedia  are  fre- 
quently called  Entomostraca;  they  have  a  shell  gland  and  the 
nauplius  as  a  larval  stage. 

14.  The  TrilobitcB  are  extinct  forms  with  one  pair  of  antennae, 
and  the  body  divided  by  longitudinal  grooves  into  three  regions. 

15.  The  Phyllopoda  have  variable  segments  and  primitive  leaf- 
like feet  recalling  the  parapodia  of  the  annelids. 

16.  The  Copepoda  hre  without  shells  and  have  biramous  feet. 

17.  The  Ostracoda  have  reduced  bodies  enclosed  in  a  bivalve 
shell. 

18.  The  Cirripedia  are  usually  hermaphroditic  and  are  sessile. 

19.  The  Malacostraca  have  20  (21)  segments,  of  which  7  (8) 
are  abdominal;  the  male  sexual  openings  are  on  the  13th,  the 
female  on  the  11th,  segment;  the  excretory  organ  is- the  antennal 
gland;  the  larva  is  a  zoea,  rarely  a  nauplius. 

20.  The  Malacostraca  are  divided  into  Leptostraca,  Thoracos- 
traca,  and  Arthrostraca. 

21.  The  Leptostraca  have  twenty-one  somites;  they  are  closely 
related  to  the  Phyllopoda. 

22.  The  Tlioracostraca  or  Podophthalmia  (Schizopoda,  Stoma- 
topoda,  Decapoda)  have  stalked  eyes  and  some  or  all  of  the  tho- 
racic somites  fused  with  the  head  to  a  cephalothorax. 

23.  The  Arthrostraca  or  Edriophthahnia  have  sessile  eyes  and 
have  seven  free  thoracic  segments.  They  are  divided  into  Am- 
phipoda  and  Isopoda. 

24.  The  AcERATA  lack  antennae;  the  body  is  divided  into  ceph 
alothorax  and   abdomen;  the   cepbalc^horax   bears   six  pairs  oi 
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appendages;  the  genital  ducts  open  on  the  seventh  somite;  the 
respiratory  organs — gills,  lungs,  or  trachea — develop  from  the 
abdominal  appendages. 

25.  The  Acerata  are  divided  into  Gigantostraca  and  Arachnida. 

26.  The  Gigantostraca  are  large,  and  breathe  by  gills.  The 
only  living  forms  are  Xiphosures. 

27.  The  Arachnida  breathe  by  lungs  or  by  trachea  derived 
from  lungs,  the  openings  to  which  are  on  the  abdomen ;  they  have 
a  pair  of  cheliceraB,  a  pair  of  pedipalpi,  and  four  pairs  of  legs;  they 
have  in  addition  several  pairs  of  highly  developed  ocelli. 

28.  The  Arachnida  are  divided  into  nine  orders:  Scorpionida, 
Phrynoidea,  Microthelyphonida,  Solpugida,  Pseudoscorpii :  Pha- 
langida,  Araneina,  Acarina,  and  Linguatulida. 

29.  The  Scorpionida  have  chelate  pedipalpi  and  a  postabdomen 
terminated  by  a  sting. 

30.  The  Phrynoidea  have  the  first  pair  of  legs  tactile  and  not 
used  in  walking,  and  a  continuous  cephalothorax. 

31.  The  Microthelyphonida  and  the  Solpugida  have  three 
*  thoracic '  segments  free.  The  Microthelyphonida  have  a  long, 
jointed  postabdomen,  lacking  in  the  Solpugida. 

32.  The  Pseudoscorpii  resemble  the  Scorpionida,  but  lack  the 
postabdomen  and  sting. 

33.  The  Phalangida  have  very  long  legs  and  spider-like  bodies. 

34.  The  Araneina  have  an  unsegmented  abdomen,  bearing  four 
or  six  spinnerets  and  numerous  spinning  glands.  They  are  divided 
into  Tetrapneumones,  with  four  lungs,  and  Dipneumones,  with 
two  lungs  and  two  tracheaB. 

35.  The  Acarina  have  cephalothorax  and  abdomen  fused  and 
the  mouth  parls  for  sucking.     Several  species  are  parasitic  on  man. 

36.  The  Linguatulida  are  complete  parasites,  ribbon-like  and 
without  legs;  the  young  live  in  the  lungs  and  liver. 

37.  The  Tardigrada  and  Pycnogonida  agree  with  the  Arachnida 
in  the  number  of  walking  legs.     Their  position  is  very  uncertain. 

38.  The  Malacopoda  are  intermediate  between  Annelida  and 
Insecta.  They  have  indistinctly  segmented  bodies  with  parapodia- 
like  feet,  segmental  organs,  and  tracheaB. 

39.  The  Insecta  breathe  by  tracheae;  iLo  head  bears  four  pairs 
of  appendages:  antennae,  mandibles,  maxillae,  labium;  since 
tracheae  are  present  the  circulatory  system  is  reduced ;  the  repro- 
ductive organs  open  ajb  the  hind  end  of  the  body. 

40.  The  Insecta  are  divided  into  Chilopoda  and  Hexapoda. 

41.  The  Chilopoda  have  numerous  body  segments  with  a  pair 
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of  long  legs  on  each;  close  behind  the  head  are  a  pair  of  poison 
ieet. 

42.  The  Heocapoda  have  the  body  divided  into  head,  thorax, 
and  abdomen. 

43.  The  abdomen  consists  of  a  varying  number  of  somites  and 
lacks  appendages. 

44.  The  thorax  consists  of  three  segments,  pro-,  meso-,  and 
metathorax,  each  bearing  a  pair  of  legs,  and  meso-  and  metathorax 
usually  a  pair  of  wings  each. 

45.  The  head  bears,  besides  three  pairs  of  mouth  parts,  an  un- 
paired upper  lip  (labrum)  and  two  compound  eyes,  besides  usually 
one  to  three  ocelli. 

46.  The  structure  of  the  mouth  parts  varies  with  the  food; 
they  are  either  biting,  licking  and  sucking,  or  piercing  in  function. 

47.  Wingless  insects  usually  have  a  direct  (ametabolous)  de- 
velopment with  numerous  ecdyses. 

48.  Winged  insects  (and  many  without  wings  which  have  de- 
scended from  winged  forms)  have  a  metamorphosis  in  which  the 
larva  differs  more  or  less  from  the  imago  (metabolous  insects) ;  the 
larva  never  has  wings. 

49.  An  incomplete  metamorphosis  (hemi metabolous  develop- 
m3ut)  occurs  when  the  larva  with  each  molt  becomes  more  like 
the  adult,  developing  wing  pads  which  with  each  ecdysis  become 
larger. 

50.  In  complete  metamorphosis  (holometabolous  development) 
the  changes  occur  in  the  last  molting  stage,  which  is  a  stage  of 
rest,  the  pupa. 

51.  Classification  of  Hexapoda  is  based  upon  structure  of  mouth 
parts  and  wings  as  well  as  upon  regional  relations  and  development. 

52.  The  Apterygota  are  wingless,  ametabolous  Hexapoda  with 
biting  mouth  parts. 

53.  The  Archiptera  have  biting  mouth  parts  with  incompletely 
fused  labium,  net-veined  wings,  and  incomplete  metamorphosis. 

54.  The  Orfhoptera  resemble  the  Archiptera  in  mouth  parts 
and  development,  but  have  parchment-like  wings. 

55.  The  Neuroptera  have  net-veined  wings  and  a  holometaboloas 
development;  the  mouth  parts  are  modified. 

5G.  The  Coleopfera  are  biting  insects  with  the  fore  wings 
changed  to  elytra;  they  differ  from  the  somewhat  similar  Orthop- 
tera  by  the  complete  metamorphosis. 

57.  The  Strepsiptera  are  parasitic  forms  allied  to  the  Coleoptera. 

58.  The  Ilymenoptera  have  partly  biting,  partly  licking  mouth 
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parts;  membranous  wings  with  few  nervures  and  holometaboloas 
development. 

59.  The  Rhynchota  are  hemimetabolons  or  ametabolous,  with 
piercing  mouth  parts;  the  bed  bugs  and  the  Pediculina  are  parasitic. 

60.  The  Dipiera  are  holometabolous,  with  piercing  mouth  parts 
and  not  more  than  one  pair  of  wings.  The  larvse  of  the  (EstridoB 
are  parasitic. 

61.  The  ApTianiptera  are  holometabolous,  wingless,  parasitic, 
with  sucking  mouth  parts. 

62.  The  Lepidoptcra  have  the  wings  covered  with  scales;  labium 
and  labrum  rudimentary,  the  maxillae  altered  to  a  sucking  tube ; 
the  development  holometabolous.  • 

63.  The  DiPLOPODA  have  a  head  with  three  pairs  of  appendages; 
the  trunk  with  double  segments,  each  bearing  two  pairs  of  legs, 
the  genital  openings  anterior. 

64.  The  term  Myriapoda  is  frequently  used  to  include  Chilop- 
oda  and  Diplopoda. 

PHYLUM  VIII.    CHORDATA. 

Within  recent  years  it  has  been  realized  that  a  number  of  ani- 
mals, formerly  distributed  among  various  groups,  possess  structural 
features  of  great  importance  which  ally  them  to  the  vertebrates. 
On  the  other  hand  they  lack  the  vortcbraB  and  many  other  features 
characteristic  of  that  group,  so  that  the  name  cannot  be  extended 
to  include  them.  Yet  since  all  these  forms  possess,  as  a  temporary 
or  a  permanent  feature,  a  structure  known  as  the  chorda  dorsalis 
or  notochord,  the  term  Chordata  has  been  adopted  to  include  them. 

The  notchord  is  a  smooth  elastic  rod  arising,  in  development, 
from  the  entoderm  and  coming  to  lie  between  the  digestive  tract 
and  the  nervous  system  (fig.  9).  In  all  Chordates  the  anterior 
(pharyngeal)  portion  of  the  alimentary  canal  develops  one  or 
more  pairs  of  pockets  which  grow  outwards  and  fuse  with  the 
ectoderm.  The  fused  portion  then  breaks  through,  and  the  pock- 
ets become  converted  into  gill  slits  (branchial  clefts),  which,  in 
the  lower  forms,  allow  the  passage  of  water  over  the  gills  which 
line  the  slits. 

The  central  nervous  system  lies  on  one  side  of  the  alimentary 
canal,  there  being  no  ring  of  nervous  matter  (Enteropneusta  ex- 
cepted) around  the  oesophagus,  such  as  is  so  common  in  the  in- 
vertebrata.  It  arises  as  a  medullary  plate  on  the  dorsal  side  of  the 
bodv  fl  round  the  blastopore.     The  edges  of  this  plate  arc  rolled 
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inwards,  converting  the  plate  into  a  tube  with  nervous  walls  and 
a  central  canal.  From  this,  as  will  readily  be  seen,  it  happens, 
when  the  blastopore  remains  open  behind  (fig.  547,  nc),  that  a 
temporary  communication,  the  neurenteric  canal,  esists  between 
the  neural  and  alimentary  canals. 

On  the  other  hand  the  chordates  share  with  the  annelids  and 
arthropods  a  segmentation  of  tho  body  which,  however,  is  internal 
and  only  exceptionally  is  visible  from  the  surface. 

The  Chordates  include  the  Leptocardii,  the  Tnnicata,  doubt- 
fully a  group  of  Enteropneusta,  and  the  Vertebrata. 

Sub  Phylum  I.  Leptocabdii  (Cefhalochordia,  Acbania). 
Until  recently  bat  a  single  genus  (Amphioxits)  was  recognized 
as  belonging  to  this  group,  and  this  form,  known  for  over  a  hun- 
dred years,  was  at  first  described  as  a  mollusc  (Limax  lanceoUilv)- 
Its  chordate  nature  was  first  recognized  by  Johannes  Mfillcr, 
while  the  embryological  researches  of  Kowalewsky  showed  its  close 
relations  to  the  Tnnicata. 

In  structure  it  is  comparatively  simple.  The  fish-like  body, 
pointed  at  either  end  (whence  Atnpkioxus),  lacks  paired  appendage^ 
but  has  a  median  fold  or  fin  best  developed  at  the  caudal  end.  The 
epithelium  covering  the  body  is  bat  a  single  cell  in  thickness  and 
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allows  the  underlying  muscle  segments  to  show  through.  It  differs 
from  the  fishes  in  lack  of  skull  (Acrania),  vertebne,  brain,  heart, 
and  kidneys,  although  the  rudiments  of  brain  and  excretory  organs 
are  present.  Connective  tissue  is  almost  entirely  absent,  the  body 
consisting  of  much-folded  epithelia  separated  by  thin  gelatinous 
layers. 

An  axial  skeleton  is  present  in  the  notochord,  which  extends  the 
whole  length  of  the  body  (flg.  541,  c).  Above  it  lies  the  spinal- 
cord,  with  a  central  canal,  which  expands  in  front  into  a  rudi- 
mentary cerebral  vesicle.     A  pigment  spot  in  this  brain  is  the 
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primitive  eye,  but  other  places  arc  HenBitive  to  light.  The  olfac- 
tory organ  is  an  unpaired  pit  on  the  anterior  end  of  the  body; 
and  at  its  bottom,  in  the  yonng,  is  an  opening,  the  anterior  nen- 
Topore,  which  leade  into  the  anterior  end  of  the  neural  oanal.  It 
is  a  poiut  of  delayed  closure  of  the  embryonic  medullary  folds. 

Of  the  alimentary  tract  more  than  a  third  is  occupied  by  the 
pharynx  with  the  gill  slits.  It  begins  with  an  oral  mouth,  sur- 
rounded by  cirri,  and  is  perforated  by  numerous  gill  slits,  be- 
tween which  elastic  gill  arches  form  a  Rupport  for  the  walls  {fig. 
542,  kb).  In  the  young  the  gill  slits  open  directly  to  the  anterior, 
but  later,  somewhat  as  in  Tnnicata,  into  a  peribranchial  chamber 
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{b)  which  allows  the  escape  of  the  water  through  a  porus  branchialis 
{fig.  541,  jd),  behind  the  middle  of  the  body.  On  the  ventral  floor 
of  the  pharynx  is  a  ciliated  hypobranchial  groove  (fig.  542,  f),  the 
homologne  of  the  tunicate  cndostyle  and  of  part  of  the  vertebrate 
thyroid.  It  leads  back  to  the  straight  digestive  tract  which  opens 
on  the  left  side  near  the  end  of  the  body,  and  bears  in  front  a 
blind  liver  sac  which  extends  forward  into  the  gill  region  (figs. 
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Mly  542,  T).  The  vascalar  system,  with  colorless  blood,  consists 
of  a  dorsal  arterial  (a)  and  a  ventral  venous  trunk  connected  by 
lateral  loops  or  arches.  The  ventral  trunk  begins  as  a  subintestinal 
vein  under  the  intestine,  branches  as  a  portal  vein  over  the  liver, 
and,  reuniting  again  in  a  ventral  vessel,  continues  forward,  as  the 
aorta  ascendens,  below  the  gills.  From  this  the  vascular  arches — 
gill  arteries — pass  up  between  the  gill  slits  and  form  the  dorsal 
vessel,  the  aorta  descendens.  A  true  heart  is  lacking,  but  various 
parts  of  the  vessels — a  part  of  the  ventral  trunk  and  the  bases  of 
the  gill  arteries — ^are  contractile,  whence  the  name  LeptocardiL 

As  the  pharynx  lies  in  the  pcribranchial  chamber,  the  digestive 
portion  of  the  tract  lies  in  a  true  body  cavity  or  coelom,  which  ex- 
tends forward  (fig.  542,  cb)  into  the  branchial  region  as  well  as 
into  the  gill-walls  (branchial  coelom)  and  into  the  outer  walls  of 
the  pcribranchial  chamber  (pcribranchial  coelom). '  In  the  peri- 
branchial  coelom  are  the  gonads  (^),  a  series  of  pouch-like  cell  fol- 
licles which,  by  dehiscence,  allow  their  products  to  escape  into  the 
pcribranchial  chamber.  Into  this  chamber  also  empty  the  excre- 
tory organs  which  were  long  sought  for  in  vain.  These  are  (n)  a 
series,  on  right  and  left  sides,  of  ciliated  canals  apparently  cor- 
responding to  the  pronephros  of  the  vertebrates.  Each  canal 
begins  with  at  least  one  ciliated  nephrostome  in  the  coelom  and 
opens  separately  like  an  annelid  nephridium. 

Like  the  structure,  the  development  is  comparatively  simple.  The 
following  points  deserve  special  mention  :  (1)  The  eggs  have  a  nearly 
equal  segmentation  (fig.  96).  (2)  A  typical  invagiuate  gastrula  (fig.  105) 
occurs.  (8)  The  mesoderm  arises  as  a  series  of  pouches,  right  and  left, 
from  the  mesenteron,  which  later  separate  and  represent  the  primitive 
segments.  Hence  these  are  clearly  mesothelial  in  nature.  From  the  cavi- 
ties of  these  arises  the  body  cavity,  which  is  consequently  an  enterocoele. 
(4)  The  dorsal  surface  of  the  entoderm  between  these  coelomic  pouches 
becomes  folded  off  from  the  rest  and  forms  the  notochord,  which  lies 
between  the  digestive  tract  and  the  nervous  system.  (5)  The  nervous 
system  arises  from  a  longitudinal  groove  which  becomes  folded  into  a 
tube  and  is  connected  for  a  while  with  the  digestive  tract  by  a  neuren- 
teric  canal. 

Amphioxus*  contains  a  few  closely  related  species  which  occur  on  our 
southeastern  coast,  in  Europe,  Indian  Ocean.  Recently  other  genera  have 
been  described — Asymmetron  *  in  America,  Heteropleuron  in  the  South 
Seas.  The  animals  live  in  quiet  bays  and  bury  themselves  in  the  sand, 
with  only  the  mouth  above  the  surface.  Like  all  animals  with  rudimen- 
tary eyes,  they  shun  the  light  and  are  greatly  excited  by  strong  illumi- 
nation. 
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Sub  pHTiru  II.  Tukicata  (TJhochorda). 

In  their  adnlt  conditioD  the  Tunicata,  or  sea-eqiiirts,  bear  some 

reaemblatice  to  the  siphonate  mollneca,  especially  in  the  posBes- 

sion  of  incnrrent  and  excnrreat  orifices,  usually  close  togethor, 

and  a  mantle.     Hence  these  forms  were  long  associated  with  the 
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B  the  branchial  basket  with  [be  gllL  bIICb  communicating  with  the  perl- 
branchial  space,  aod  tbla  In  turn  with  the  alrlum. 

molluscs;  later  they  were  associated  with  the  worms,  but  their  de- 
Telopment  shows  them  to  be  more  nearly  related  to  the  vertebrates. 
The  group  owes  its  name  to  the  tunic  or  mantle — lacking  in  the 
CopelattB— an  envelope  (fig.  543,  /)  which  is  formed  like  a  cuticle 
by  the  epithelium  of  the  skin,  but  which  is  distinguished  from 
ordinary  cnticula  by  its  structure.  It  much  resembles  connective 
tissue  in  that  cells  from  the  mesoderm  wander  into  the  ground 
substance,  which  is  sometimes  fibrous,  sometimes  homogeneous, 
and  has  an  interesting  chemical  nature.  It  consistB  of  the  same 
proportions  of  carbon,  oxygen,  and  hydrogen  (C,H,^0,)  as  cellulose 
and  agrees  with  this  substance,  so  characteristic  of  plants,  in  its 
reactions  (blue  color  with  iodine-iodide  of  potassium  and  sulphuric 
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acid,  yiolet  with  cfaloriodide  of  zinc).     Nowhere  else  among  ani- 
mals is  there  such  a  rich  formation  of  cellulose. 

The  anterior  part  of  the  digestive  tract  is  modified  into  a 
pharynx  or  branchial  chamber,  the  walls  of  which  become  per- 
forated with  a  varying  number  of  gill  slits,  these  leading  either 
directly  to  the  exterior  or,  more  usually,  into  a  peribranchial 
chamber,  and  from  this  to  a  cloaca  or  atrium  (a),  before  reaching 
the  outside  world.  While  the  respiratory  water  passes  through 
the  gill  slits  the  food  particles  which  it  contains  are  received  by  a 
ring-shaped  ciliated  band  (peripharyngeal  band)  and,  enveloped 
by  mucus,  are  led  to  the  oesophagus.  This  mucus  is  formed  by  a 
ciliated  glandular  groove,  the  endostyle  (e),  on  the  ventral  surface 
of  the  pharynx. 

Between  the  gill  region  (end  of  the  endostyle)  and  the  stomach 
lies  the  ventral  heart  enclosed  in  a  pericardium.  It  has  the 
peculiarity,  met  nowhere  else,  of  changing  the  direction  of  its 
contractions  at  frequent  intervals;  after  the  heart  has  driven  the 
blood  for  a  time  to  the  gills  it  rests  a  while  and  then  begins  to 
force  the  blood  in  the  opposite  direction,  pumping  it  from  the 
gills  and  sending  it  towards  the  stomach. 

If  we  add  to  the  foregoing  that  a  dorsal  ganglion  and  a  her- 
maphroditic gonad  are  present,  the  striking  features  of  the  group 
are  enumerated.  The  extreme  forms,  the  Copelatso  and  the 
Thaliacca,  are  rather  remote,  but  they  are  connected  by  interme- 
diate forms,  the  Ascidisd  and  Pyrosomas. 

Order  I.  Copelats. 

These  small  forms— one  or  a  few  centimeters  in  length — are 
pelagic ;  they  have  the  anterior  end  inserted  in  a  gelatinous  envelope 
or  ^  house '  which  replaces  the  lacking  tunic.  They  swim  like  a 
tadpole  by  means  of  a  tail  which  arises  from  the  hinder  end  of 
the  trunk.  The  alimentary  canal  (fig.  544)  is  bent  on  itself,  and 
both  it  and  the  two  large  gill  slits,  in  contrast  to  all  other  tani- 
cates,  open  directly  to  the  exterior.  The  heart  (lacking  only  in 
the  Kowalewskidse)  is  ventral  and  the  hermaphroditic  gonads  and 
the  nervous  system  dorsal.  The  latter  consists  of  a  cerebral 
ganglion,  with  beside  it  an  extremely  simple  auditory  organ  and  a 
ciliated  groove,  and  farther  a  chain  of  ganglia  extending  into  the 
tail.  The  notochord,  a  gelatinous  stnicture  enclosed  by  a  sheath 
of  cells,  forms  the  skeletal  axis  of  the  tail  ventral  to  the  nerve  cord 
and  gives  attachment  to  muscles.  Oikoplmra,*  Appendicularia* 
Fritillaria;  Kowalewshia* 
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CHORD  AT  A. 


OidM  n.  TetliyoidM  (Ascidisformea). 


With  the  exception  of  the  pelagic  Pyrosomid»  all  of  the  oscidi- 
ana  are  attached  to  rocks,  etc.,  in  the  sea.  The  greater  neceeeity 
for  protection  caused  by  this  Bedentary  life  has  resulted  in  a  great 
development  of  the  cellulose  tunic,  which,  enveloping  the  internal 
organs,  gives  these  animals  a  swollen,  somewhat  shapeless  appear- 
ance. Two  openings,  mouth  and  atrial  opening,  lead  into  the 
interior,  and  the  water  which  issues  from  these,  when  the  animals 
are  taken  from  the  ocean,  has  given  them  the  common  name  of 
'  sea-squirta.' 

On  removing  the  tunic,  which  is  but  slightly  attached  to  the 
other  parts  except  at  mouth  and  atrial  opening,  a  muscular  sac  is 
seen  (fig.  545),  the  fibres  rnuning  circularly  and  longitudinally.  In- 
side this  sac  are  the  viscera,  the  pharyngeal  region  by  far  the  most 
conspicuous.  The  mouth  leads  to,  a  short  tubo  with  tentacles  (/), 
and  then  to  the  pharynx,  a  wide  sac  which 
lies  in  a  large  cavity,  the  peribranchial 
chamber,  the  walls  of  the  pharynx  and 
the  enclosing  space  uniting  on  the  ventral 
side  (fig.  643),  The  pharyngeal  walls  are 
C  r~^    perforated  like  a  net  by  small   ciliated 

I  '  gill   slits,  arranged   in   longitudinal   and 

■'  A  Z^^    transverse  rows  (fig.  546),  through  which 

nr  the  water  received  from  the  mouth  passes 
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bitotthewaitotthoKniwic  to  the  atnum,  and  bo  out  to  the  external 
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Biits.  world. 

While  the  respiratory  water  thus  passes  out  in  a  nearly  direct 
course,  the  food  particles  which  it  contains  pass  into  the  digestive 
tract.  By  means  of  a  ciliated  tract  (peripharyngeal  band)  just 
inside  of  the  tentacles  and  surrounded  by  mucus  secreted  by  tbe 
endostyle  (or  hypobranchial  groove),  the  food  is  carried  back  to 
the  ceaopliaguB  (oc)  at  the  base  of  the  gill  chamber,  and  thence  to 
the  stomach  (usually  provided  with  liver  glands),  and  on  to  tbe 
intestine.  The  anus  is  at  the  base  of  the  special  portion  of  tbe 
peribranchial  chamber,  which  also  receives  the  genital  ducts  and 
hence  is  known  as  the  cloaca  or  atrium. 

In  the  body  cavity,  which  ia  greatly  reduced  in  the  species 
with  concentrated  bodies,  occur  the  digestive  tract,  the  sexnal 
organs,  and  the  heart;  the  latter,  frequently  S-shsped,  extends  be- 
tween the  stomach  and  the  endostyle.     Opposite  to  the  endostyle 
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is  the  ganglioQ  in  the  doreal  wall  between  oral  and  atrial  open- 
ings. Below  it  (rarely  above  it)  is  a  branched  sabnenral  gland 
which,  from  its  relatioiiB  and  its  opening  into  the  prebranchial 
part  of  the  alimentary  tract,  has  been  compared  to  the  vertebrate 
hypophysis.  In  many  there  exist  special  excretory  organs,  nnmer- 
OU&  blind  vesicles  filled  with  excreta. 

From  the  eggs  are  hatched  small  swimming  tadpole-like  larrn 
(fig.   547),  resembling  Appendicularia  and,  like  it,  consisting  of 


Fia.  MT— Development  of  nn  f 
ju't  hslclied  :1.  eroBS-upptit 

Iuunuer  >>tuKe.  formntlcm  of  notochord  and  nervous  Byatain :  L,  anteiinr  end  of  ■ 
irva  jQ»t  before  BttHchmBM.  I;.  PhalUtU.  «.tntiUn  ;  3. 1,.  Ih.  tmimmiltalo.)  nu. 
eye  ;  c  notoohOHl ;  .1.  tuolc:  d.  digestive  tract;  d'.  Its  nntritlve,  d",  Ita  resplra. 
wry  division;  r.  atrial  vesicle:  r*.  ectoderm;  m.  ontodBrm;  /i.  brain ;  t,  oral  in. 
.    vaHlnatlOD  ;  ni,  mascles  uf  tall:  ii,  neural  tube  :  tic.  neurenteric  canal :  a.  oCocrst. 

trunk  and  tail,  in  which  the  chordate  features  are  strongly  marked. 
The  digestive  tract  is  confined  to  the  trunk;  dorsal  to  it  lies  tho 
tubular  nervous  system  in  which  three  parts  are  recognizable:  in 
front  a  vesicular  brain  with  a  simple  eye  and  an  otocyst  imbedded 
in  its  walls;  farther  back  a  narrower  portion  ('  medulla  oblongata ') ; 
lastly,  a  spinal  cord  extending  into  the  tail.  In  the  axis  of  the 
tail  is  a  notochord  which  extends  forward  a  short  distance  into  the 
trunk  between  digestive  tract  and  nervous  system. 

In  the  metamorphosis  of  the  free  larvm  into  the  sessile  ascid - 
ians  four  processes  are  important:  (1)  The  larvee  attach  themselves 
by  means  of  three  ventral  anterior  papillm;  (2)  The  tail  is  retracted 
and,  after  preliminary  fatty  degeneration,  is  absorbed;  (3)  The 
body  becomes  more  or  less  spherical  by  development  of  the  tunic; 
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(4)  Two  dorsal  inyaginations  are  formed,  these  grow  together,  en- 
velop the  pharyngeal  region,  and  form  the  atrium  and  peribranchial 
chamber.  It  is  to  be  noted  that  this  arises  from  the  dorsal  sur- 
face and  extends  ventrally,  while  the  peribranchial  chamber  of 
Amphioxus  arises  by  folds  which  grow  ventrally  over  the  pharynx. 
Besides  sexual  reproduction  many  ascidians  reproduce  by  bud- 
ding. Where  this  occurs  it  results  in  the  formation  of  colonies,  a 
matter  of  systematic  importance. 

Sub  Order  I.  MONASCIDLE.  Simple  ascidians  of  considerable  size  ; 
sometimes  with  transparent,  sometimes  with  thick  opaque  tunic.  The 
OLAVEixiNrnjE  produce  small  colonies  by  basal  budding,  each  individual 


Fxo.  648. 


FlO.649. 


Fio.  648.— i4.  MolguJn  manhattenMis*:  B.Eugyra  pillularit,*   (From  VenilL) 
Flo.  bid.—Botryllua  viokmeus.     (After  Carpenter.)    i4,  smaU  colony  of  eiflrhteen  indi- 
yidual  groups;  B^  two  individual  groups  somewhat  enlarged. 

with  its  own  test;  Peropfiora*  CTNTHiro^,  test  leathery,  oral  and  atrial 
openings  four-lobed;  Cynthia*  Molgulid^,  oral  opening,  six-lobed, 
atrial  four-lobed.    Molgula,*  Eugyra,* 

Sub  Order  IT.  SYNASCIDIiE.  Compound  ascidians  consisting  of 
numerous  small  individuals  imbedded  in  a  common  cellulose  tunic  and 
forming  considerable  crusts  on  stones,  plants,  etc.  Usually  (fig.  549)  the 
individuals  of  a  colony  are  divided  into  small  groups,  the  oral  openings 
(6-20  in  number)  forming  a  rosette  around  a  common  central  atrium. 
Distaplia^*  Leptoclinum,*  Polyclinum^*  Amaroficium*  BotryQtis* 

Sub  Order  III.  LUCIiE.  Free-swimming  pelagic  synascidians,  hiring 
the  form  of  a  hollow  cylinder  closed  at  one  end.  The  animals  imbedded  in 
the  tunic  vertically  to  the  axis  of  the  cylinder,  the  oral  apertures  on  the 
outside,  the  atrial  in  the  central  cavity.  Pyrosoma^  very  pbospboresoent, 
tropical,  some  species  four  feet  long. 

.  Order  m.  Thaliacea  (Salpafbrmes). 

These,  like  the  Lucise  and  Copelatse,  are  pelagic,  and  play  an 
important  part  in  the  plankton,  either  by  the  vast  numbers  of 
small  individuals  or  by  the  formation  of  colonies  of  considerable 
size.  In  form  a  Salpa  may  be  compared  to  a  barrel  formed  out- 
side of  a  cellulose  tunic,  lined  internally  with  a  muscular  wall. 
The  muscles  run  circularly  (fig.  660),  are  six  or  eight,  not  always 
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closed  rings,  like  hoops.  By  their  contraction  the  water  is  expelled 
through  the  posterior  or  atrial  end  of  the  body,  while  fresh  water 
on  their  relaxation  enters  the  other  or  oral  apertnre.  By  the 
reaction  the  animals  swim  through  the  water  with  the  oral  end  in 
front.  The  cavity  of  the  barrel  corresponds  to  pharyngeal  and 
peribrancbial  chambers  of  the  ascidian.     In  the  Dolioliidte  the  two 


rio.  BSi.—A.  B,  Salpa  dtmnrrallfa  witti  stolon,  ventral  and  lateral  viewa;  C,  Balpa 
maeivHala,  part  of  a  yoQDg  chain  not  yet  aeparatvd.  a.  anua:  c,  tunio:  di  dlges- 
ttve  tract;  (,  atrial  opening:  en,  endoatyle:  /,  perlptaurnneal  groove;  0,  gsn- 
(lllon  wltn  horsBBhoe-ahaped  eve,  and  near  It  the  tentacle  and  hfpophralal 
groove;  h,  teatls;  i.  mouth;  it,  vlU;  ni,  mnscte  hoopB;  tl,  stolo  prollter. 

chambers  are  separated  by  a  partition  perforated  by  gill  slits  (fig. 
551);  in  the  common  Salpm  the  partition  is  reduced  to  a  bar  with 
traDSverse  rows  of  cilia  so  that  branchial  and  peribranchial  cham- 
bers are  not  distinct;  yet  the  endostyle  and  the  peripharyngeal 
band  are  retained. 

The  viscera  lie  in  the  mnscnlar  sac,  where  the  branchial  bar  and 
the  endostyle  meet  and  are  usually  compacted  into  a  mass,  the 
'nucleus'  (intestine,  liver,  gonads,  heart).  The  ganglion  is  dis- 
tinct and  lies  dorsally  opposito  the  endostyle,  just  in  front  of  the 
branchial  bar.     Associated  with  it  is  a  horseshoe-shaped  eye. 

For  a  long  time  two  kinds  of  Salpa  have  been  known,  one 
solitary,  the  other  consisting  of  nnmeroue  individuals  connected 
together  like  a  chain  or  a  rosette  (fig.  550,  C).  At  the  beginning 
of  the  last  century  the  poet  Chamisso  discovered  that  the  chain 
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salps  were  produced  by  the  solitary  indiTidaals,  and  that  these  in 

turn  came  from  the  cluiin  form,  a  peculiar  type  of  reproduction 

to  which  Steenstrup  later  gave  the  name  alternation  of  generations. 

The  solitary  salp   is  asexual;   gonads  are  lacking,  but  near  the 

hinder  end  is  ubadding  cone  or  stolo  prolifer  from  which  one 

I  J  after  another  bud  colonies  of  salps.     When 

the   first  is  separated  a  second  matures  and 

a   third   begins.     These   colonial   forma,  the 

chain  salps,  are  sexual,  and  each  prodnces  a 

single  egg  from  which  a  solitary  indlvidaal  is 

formed. 

Since  bolh  tlie  solitary  and  the  chain  forms  hare 

received  namea,  the  species  of  Salpa*  now  have 

double  names  like  Salpa  dt/nocratica-mtteronata, 

democraCiva  beiii;^  the  asexual,  mucr(Miala  the  ^vx- 

ual,  individual,  etc.     From  the  true  Salpcr  Do/io- 

'^m/utum^Fo'"'"  I*""'  '"">*  's  distiujjuished  by  tbe  better  developed  gills, 

tUin  of  'letters  tea  flg.  the  complete  muscular  bands,  and  a  more  compli- 

""■*  cated  alleriiatioa  of  generations. 

Sub  Phtlcm  III.  Enteropheusta  (HEMicHORorA). 

The  few  marine  forms  here  included  are  decidedly  worm-Uke, 
and,  like  many  worms,  they  burrow  in  the  mud.  Tlie  body  con- 
sists of  three  parts — proboscia,  collar,  and  body  (fig.  552),  The 
proboscis  contains  a  cavity  opening  to  the  exterior  by  a  dorsal 
pore,  while  two  similar  cavities  in  the  collar  open  separately. 
These  can  be  filled  with  water,  and  by  alternately  enlarging  and 
contracting  these  parts  the  animal  is  able  to  burrow  like  a  razor 
clam  {En-iis).  The  mouth  lies  ventral  and  in  front  of  the  collar 
and  leads  into  a  digestive  tract,  which  in  its  anterior  part  is  per- 
forated by  numerous  paired  gill  slits,  while  the  part  beliind  it  is 
covered  with  hepatic  creca.  The  intestine  is  supported  in  the 
ctelom  by  dorsal  and  ventral  mesenteries,  and  is  accompanied  by  a 
dorsal  and  a  ventral  blood-vessel,  to  which  are  added  lateral  canals 
and  numerous  anastomoses.  A  vesicle  on  the  dorsal  vessel  in  the 
proboscis  is  called  the  heart.  The  nervous  system  is  very  peculiar. 
There  is  a  dorsal  portion  lying  in  the  collar  region,  which  is  pro- 
duced by  inrolling,  as  is  the  central  nervous  system  in  the  Chor- 
dates,  and  a  ventral  part,  as  yet  lying  in  the  ectoderm,  the  two 
being  connected  by  nerves  in  the  collar.  The  gonads  are  numerous 
follicles  lying  between  gill  and  liver  region  and  opening  to  the 
exterior. 
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The  Bjstematic  position  of  the  Enlflropneusta  is  not  settled  beyond  a 
doubt.     In  the  possession  ot  gili  slits  and  in  the  formation  of  the  dorsal 
nervonssystem  it  closely  resembles  tlie 
other  chordaten,  and  the  resemblaDce      , 
is  strengthened  by  aimilaritres  in  de- 
tails  of  structure  of  the  gills.     The 
advocates  o(  this  view  recognize  the 
notochord    in    a    blind    tube,    sur- 
rounded   by  tough    raembi-ane    and       ' 
tliickened    beneath,    which    extends 
from  the  pharynx  into  the  proboscis. 
Embryology  throws  but  Hitle  light  on 
the  problem.     Some  species  have  a 
direct  development  (flg.  553,   B,  C), 
while  others  have  a  larva  (Torn aria, 
flg.  553,  A)  which  so  resembles  the 
larvie  of  certain   echino<lerms   that 
it  was  long  held  to  belong  to  that 

phylum.     The  chief  resemblances  sre  .  .   __._  _ „  „ 

bands  to  the  alimentary  tract  and  in  the  presence  of  the  proboscis  cavity. 


Fio.  SSi.—A,  Tomaria  Ikitk  of  Balano- 

... (After    Moritan.)     ",   dplcnl 

<-.    preorst    pnrt   <if  cUIiLted 


Wd:'  I 


lefts  ;  t.  KolUr ;'  rtc,  diReBt'lve  part  of 
uotochord ';  p.  probOBciB. 

the  relations  of   (he  ciliated 
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which,  like  the  ambalacral  syritem,  opens  to  the  exterior.  Two  deep-sea 
forms,  Cephalodiscus  and  Ehabdopleura,  have  the  same  type  of  '  nolo- 
chord,'  and  the  first  has  a  pair  of  gill  slits.  In  other  respects  these  are 
strikingly  Polyzoau  in  appearance. 

Sub  Phylum  IV.    Ybrtebrata. 

In  the  Tertebrates  only  the  internal  segmentation  occurs.  This 
is  shown,  and  most  clearly,  in  the  lower  Yertebrata,  in  the  mascles 
(myotomes,  myomeres),  the  myocommata  or  myosepta  which  sep- 
arate them,  and  the  protoyertebrss  from  which  they  arise;  in  the 
nerves  (neurotomes),  the  skeleton  (sclerotomes),  the  blood-yessels^ 
and  in  the  excretory  organs  (nephrotomes).  In  the  higher  verte- 
brates this  metamerism  is  visible  only  in  the  embryonic  stages 
In  part  this  absence  of  external  segmentation  has  its  cause  in  the 
heteronomy  (p.  399)  of  the  body  and  the  obliteration  of  segmental 
boundaries,  consequent  upon  the  union  of  somites  into  body  re- 
gionSf  of  which  at  least  three — head,  trunk,  and  tail — ^at  most  six 
— head,  neck,  (cervical)  thorax,  lumbar,  pelvic  (sacral),  and  tail 
(caudal) — occur.  Not  less  important  in  this  respect  is  the  charac- 
ter of  the  skeleton.  The  cuticular  skeleton,  which  is  the  cause  of 
the  annulation  of  the  arthropod,  is  entirely  lacking.  The  skin 
remains  soft,  or  contributes  to  a  subordinate  degree,  more  for  pro- 
tection than  for  support,  to  the  formation  of  a  skeleton  (dermal 
skeleton  of  fishes,  alligators,  turtles).  On  this  account  firmer 
tissue  is  formed  in  the  axis  of  the  body,  which,  in  the  lowest  ver* 
tebrates  and  the  embryos  of  the  higher,  appears  as  the  notochord 
already  mentioned,  but  in  the  higher  is  supplemented  by  the  verte- 
bral column  and  skull. 

The  skin  of  the  vertebrates  is  distinguished  from  that  of  all 
invertebrates  by  two  characters  (figs.  26,  27):  the  many-layered 
condition  of  the  epidermis,  and  the  considerable  thickness  of  the 
derma.  The  epidermis  is  but  rarely  covered  by  a  delicate  cuticle; 
usually  such  a  protection  is  unnecessary  since — and  especially  in 
the  land  forms — the  superficial  layers  become  cornified  and  hence 
furnish  the  necessary  resistance  without  a  cuticle.  There  are  two 
layers  to  be  distinguished,  the  deeper  stratum  Malpighii  and  the 
superficial  stratum  corneum  (5 J/"  and  sc;  see  p.  76). 

The  second  constituent  of  the  integument,  the  derma  (cutis, 
corium),  arises  from  the  mesoderm  (mesenchyme).  It  consists  of 
many  layers,  often  stratified,  of  close  connective  tissue,  and  is 
usually  separated  from  the  underlying  structures,  especially  the 
muscles,  by  a  loose  tissue  rich  in  lymph  spaces,  the  subcutaneous 
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tissue.  Botli  of  these  constituents  of  the  skin,  aside  from  their 
own  firmness,  can  give  rise  to  protective  structures.  The  homy 
layer  of  the  epidermis  in  places  becomes  greatly  developed  and 
thus  forms  the  tortoise  shell  of  the  turtles,  the  scales,  shields,  and 
scutes  of  the  snakes  and  lizards,  the  feathers  of  the  birds,  the  hair 
and  horns  of  the  mammals.  Other  epidermal  products  are  the 
claws,  nails,  and  hoofs  of  the  terrestrial  vertebrates.  The  derma 
is  often  the  seat  of  ossifications  which,  in  contrast  to  the  deeper 
bones,  are  called  the  dermal  skeleton. 

First  of  the  dermal  skeletal  parts  are  the  scales  of  the  fishes, 
which,  in  spite  of  similarity  of  name, 
are  different  from  the  epidermal  scales 
of  the  reptiles.  They  may  be  traced 
back  to  the  primitive  form,  the  pla- 
coid  scales  of  the  Elasmobranchs. 
These  are  rhombic  plates,  bearing  in 
the  middle  pointed  spines,  which  are 
called  dermal  teeth  from  similarity  in 
etructure  aqd  development  to  the  teeth 
of  the  month  cavity  (fig.  554).  They 
consist  of  dentine  {d)  and  have  a  large 
pulp  cavity  (p),  with  numerous  blood- 
vessels in  the  interior.  Whether  the 
thin  layer  (scA)  covering  the  tip  can 
be  called  enamel  is  disputed.  Der- 
mal teeth  and  true  teeth  are  identical 

structures  which,  in  consequence    of  ) 

different  position  and  consequent  dif-     puip  cavity;  «ia,  enamel. 
ference  of  function,  have  developed  differently. 

The  scales  of  fishes  have  a  wider  anatomical  interest,  since  from 
tiieni  have  arisen,  besides  the  bony  plates  which  form  the  resistant 
armor  of  the  turtles,  alligators,  and  many  mammals  (Armadillos), 
important  parts  of  the  axial  skeleton,  the  secondary  or  membrane 
bones.  A  membrane  bono  is  a  bony  plato  which  has  arisen  from 
a  fusion  of  dermal  ossifications,  becomes  transferred  to  a  deeper 
position,  and  contributes  to  the  completion  of  the  axial  skeleton. 
After  what  was  said  above  about  the  relations  of  dermal  and  truo 
teeth  it  is  readily  seen  that  a  further  source  of  formation  of  mem- 
brane bones  lies  in  the  lining  of  the  mouth  cavity. 

In  describing  the  axial  skeleton,  the  notochord  comes  first. 
This  has  already  been  mentioned  iu  connexion  with  the  lower 
Chordates,     It  persists  in  the  cyclostomes,  but  from  them  upwards 
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it  is  gradually  replaced  by  the  vertebra  arising  nroiind  it.     It  is  of 
entodermal  origin  (fig.  0),  arising  as  a  lougitudimil  bund  of  the 
epithelium   of  the  tirchenterou  (/,  ch),  and,  becoming  cut  off, 
comes  to  lie  in  the  long  axis  of  the  body  between  digostiTe  truct 
and  nervous  system  (//,  IIT);  here  it  forms  a  cylindrical  rod  con- 
sisting of  a  connective  tissue  which,  as  already  said,  resembles 
plant  tissues  because  of  the  vesicular  nature  of  its  cells  (fig.  38). 
In  transverse  section   (fig.  555)  the  chorda  is  surrounded  by 
three  layers,  internally  by  a  fibrous  iioto- 
chordal   sheatb,  then  an  elastic  layer  (not 
always  present),   the   elastica  externa,  so 
called  because  au  elastica  interna  is  somo- 
^f     times     present     inside     the    notochordal 
,.^      sbfath;   and  lastly  a  skeletogenous  layer 
'        {SS),  also   called  the   outer  notochordal 
sheath.     This  last  is  a  mesodermal  <!on- 
nective-t issue  layer  and  is  therefore  con- 
^      nected  with    the   other   connective- tissue 
XF    sheaths  which  surround  muscles,  nerves, 
etc.,  and  deserves  special  mention  because 
tj    in  it  the  cartilages  and  bones  arise  from 
which  the  vcrtebne  and  skull  are  formed. 
Cells  from  it  can  penetrate  the  notochor- 
Fio,  (tis—TranBYorBBBection    dal  sheath,  coDTerting  it  iuto  fibrous  car- 
iToiuirKm.  (From  wtedcra-    tilage,  thus  enabling  it  to  participate  in 

helm.)    (■    notochord;    C^      , ,     °   '  ,.  «  ii,  _t   V 

Dotocbordni  sheath ;   £-,    the  formation  of  the  vertebrse. 
tiuuef  H%P^narci>r<i r  ^  Since  the  Dotochord  and  its  sheaths 

moce^B  o?°skeiei«KBDoua  are  elastic  and  give  under  the  strain  of  the 
ttaHuo;  'l7'i.,iowef°p™!'BBB  muscles,  they  are  nnsegmentcd.  The  sog- 
ot  skeietogenoDB  tieaiiB.  mentation  of  the  axial  skeleton  begins  with 
,the  appearance  of  firmer  tissue  in  cartilage  and  bone.  Then  there 
is  a  separation  of  successive  parts,  and  with  this  the  gradual  forma- 
tion of  vertebral  column  and  skull.  For  both  there  is  a  con- 
nected series  of  developments,  if  studied  with  reference  to  the 
ontogenetic  processes  or  in  the  comparative  manner  from  the 
lower  to  the  higher  forma. 

The  first  parts  of  the  vertebral  column  to  appear  are  the  upper 
and  lower  (figs.  555,  556),  or  neural  and  kcemal  arches.  These 
consist  of  paired  parts  in  the  skeletogenous  layer  which  abut 
against  the  notochord,  and  which  are  usually  a  pair  to  the  somite, 
although  occasionally  two  or  more  pairs,  the  arches  proper  and 
the  iniercalaria,  may  occur.     The  neural  arches  (arcus  vertebra 
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of  human  anatomy)  enclose  a  spinal  canal  eurronnding  the  epinal 
cord,  the  parts  of  the  arch,  neurnpophyaes,  uniting  above  the  cord 
to  form  the  spinous  process  (frequently  an  independent  part  of  the 
Ekeletal  axis).  In  the  caudal  region,  in  the  same  way,  kamal 
arches  may  be  formed  of  hmmapophyses  and  hamal  spine,  the  arches 
eurronnding  the  btood-Teesela  of  the  tail  (fig.  557),  In  the  trunk 
region  the  ventral  arch  behaves  differently.    Since  the  large  body 
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cavity  with  its  viscera,  varying  in  size  (digestive  and  reproductive 
organs),  is  here,  the  hiemapophyaes  extend  outwards  and  down- 
wards and  are  divided  into  two  parts,  a  basal  apophysis  and  a 
lower  movable  portion,  the  rib  (fi^.  55G).  Also  the  lower  union 
of  hxmapophyses  with  haemal  spine  does  not  occur;  the  ribs  are 
either  free  (fishes)  or  are  (at  least  iu  part)  :c»nBeeted-.yilut rally  by 
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:a  breast  bone  or  sternum  (Amniotes,  fig.  558).  The  sternnm  i$ 
&  derivative  of  the  ribs.  In  development  the  ventral  ends  of  the 
ribs  of  a  side  fuse  and  then  these  fused  tracts  of  the  two  sides 
unite  to  form  the  sternum. 

The  haemal  arches  lie  internal  to  the  longitudinal  muscles  of  the  body, 
and  in  the  trunk  region  they  lie  in  the  same  position  just  beneath  the 
peritoneum.  These  are  hoBmal  ribs  and  are  found  only  in  teleosts  and 
ganoids.  The  ribs  of  all  other  vertebrates  (elasmobranchs,  amphibia, 
amniotes)  are  morphologically  diflFerent  and  are  called  lateral  or  pleural 
ribs.  They  develop  independently  of  the  vertebral  column  in  a  horizontal 
connective-tissue  septum  which  extends  out  through  the  longitudinal  mus- 
cles from  the  axial  skeleton  to  the  skin,  dividing  the  musculature  into 
dorsal  (epaxial)  and  ventral  (hypaxial)  portions  (fig.  89).  In  the  elasmo- 
branchs  these  pleural  ribs  are  attached  to  the  hsemapophyses,  in  the 
others  to  the  transverse  processes  (diapopJiyses),  which  arise  from  the 
neurapophyses,  and  parapophyses,  which  arise  from  the  vertebral  centres. 
In  the  caudal  region,  often  also  in  the  cervical,  lumbar,  and  sacral  regions, 
the  pleural  ribs  and  dia-  and  parapophyses  fuse  to  form  lateral  processes. 
These  occur  concurrently  with  haemal  arches  in  the  tails  of  many  Am- 
phibia and  reptiles  and  some  mammals,  forming  the  cJievron  bones  which, 
as  in  fishes,  enclose  the  caudal  blood-vessels.  The  presence  of  intercalaria 
in  cyclostomes,  sharks,  and  ganoids  indicates  that  primitively  a  double 
vertebra  arose  in  each  somite.  Paleontological  and  embryological  re- 
searches on  reptiles  support  this  view. 

In  most  vertebrates  either  the  basal  ends  of  the  arches  broaden 
out  around  the  notochord  and  fuse  with  one  another,  or  perichordal 
cartilages  arise  independently,  furnishing  in  either  case  firm  sup- 
ports, the  vertebral  bodies,  or  centra,  for  the  system  of  arches. 
These  increase  in  size  at  the  expense  of  the  notochord  on  the  in- 
side, sometimes  leading  to  its  almost  complete  obliteration,  as  in 
the  mammals;  in  others,  as  the  fishes,  the  reduction  is  less  com- 
plete. The  fishes  have  arnphiccele  vertebrae  (fig.  557),  that  is,  the 
centra  are  hollow  at  either  end.  In  these  cups  the  notochord 
exists  even  in  the  adult,  and  when  small  connecting  portions  ex- 
tend through  the  centra  the  notochord  takes  the  form  of  a  rosarj* 
with  alternating  enlargements  and  contractions. 

Histologically  the  vertebral  column  may  be  either  cartilage  or 
bone;  usually  it  is  first  formed  in  cartilage,  which  is  later  replaced 
by  bone.  If  the  ossification  does  not  occur,  the  column  remains 
cartilaginous;  if  incomplete,  cartilage  and  bone  appear  side  by  side. 
Since  these  histological  differences  are  combined  with  varying  de- 
grees of  persistence  of  the  notochord  and  with  modifications  in  the 
form  of  the  vertebrae  and  their  processes,  there  results  an  extraor- 
dinary val^^tycia^th^  iipp®*^*^^®  ^^  ^'i®  vertebral  column. 
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In  order  to  allow  for  bending  where  complete  centra  are  present  vari- 
ous conditions  occur,  (a)  Opisthocale  vertebrse  have  a  socket  on  the 
liinder  surface  which  receives  the  convex  anterior  end  of  the  succeeding 
-centrum,  forming  a  ball-and-socket  joint.  (6)  Proccelotta  vertebr»  have 
these  relations  reversed,  the  socket  being  in  front,  (c)  The  vertebrae  may 
articulate  with  a  'saddle  joint'  (birds),  {d)  Between  two  successive 
vertebras  an  elastic  intervertebral  ligament  may  occur  (mammals).  The 
neurapophyses  may  bear,  in  addition  to  the  transverse  processes,  anterior 
Aiid  posterior  articulating  processes  (zygapophyses)  connecting  the  sepa- 
rate vertebrae. 

The  skull,  the  anterior  continuation  of  the  axial  skeleton, 
occurs  in  all  vertebrates;  it  appears  before  the  vertebrae,  for  it  is 
found  in  the  cyclostomes,  which  lack  these.  It  surrounds  the  brain 
as  the  vertebrae  do  the  spinal  cord:  and,  like  them,  its  first  stages 
are  formed  in  the  skeletogenous  layer  surrounding  the  anterior  end 
of  the  notochord.  It  is  so  related  to  the  surrounding  parts  that 
it  may  in  general  be  said  to  be  equivalent  or  homodynamous  with 
the  vertebrae,  although  we  cannot  agree  with  Oken  and  Goethe,  the 
founders  of  the  vertebrate  theory  of  the  skull,  that  it  has  arisen 
by  the  fusion  of  vertebrae.  On  the  other  hand  skull  and  vertebrae 
are  parts  arising  in  the  common  basis  of  the  skeletogenous  layer, 
but  which  have  developed  in  different  directions. 

Three  stages  are  recognized  in  the  development  of  the  skull: 
the  membranous,  the  cartilaginous  cranium,  and  the  bony  skull. 
The  first,  which  consists  of  connective  tissue,  occurs  only  in  the 
early  embryonic  stages,  scarcely  a  trace  of  it  persisting  in  the 
adults.  It  is  early  replaced  by  the  cartilaginous  skull,  which  may 
persist  unaltered  throughout  life  in  the  lower  fishes  (elasmo- 
branchs,  sturgeon).  In  most  vertebrates,  however,  ossification  sets 
in,  embracing  a  part  (fishes,  amphibians)  or  the  whole  of  the  carti- 
lage (birds,  mammals),  converting  it  in  the  latter  case  into  a  bony 
capsule.  In  the  bony  skull  two  kinds  of  bone,  primary  and  sec- 
ondary, are  recognized,  these  varying  in  their  origin.  The  pri- 
mary or  cartilage  bones  develop  from  the  cartilage  itself,  either  in 
its  interior  {entocho7idrostoses)  or  in  its  enveloping  perichondium 
{ectochondrostoses).  The  secondary  or  membrane  bones  are,  in 
their  origin,  foreign  to  the  axial  skeleton  and  arise  from  the  ossifi- 
cations in  the  skin  (scales)  or  in  the  mouth  (teeth),  already  re- 
ferred to  (p.  515  ).  They  sink  into  the  deeper  portions  and  apply 
themselves  to  the  axial  skeleton,  especially  to  those  parts  where, 
from  lack  of  cartilage,  no  primary  bones  can  be  formed  {parostoses). 
Still  it  is  not  settled  how  far  these  distinctions  may  be  carried. 
According  to  Gogenbaur  all  ossifications  arosp  priTnarilT,ia  the  skin 
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OT  mucous  membranes,  and  primary  bones  are  merely  membrane 
bones  which  have  entered  the  cartilages  and  replaced  them.  Ac- 
cording to  this  view  it  ia  conceivable  that  the  Esmc  bone  in  one 
animal  may  arise  as  a  membrane  bone  and  in  another  as  a  primarr 
bone,  a  view  which  is  of  importance  in  the  homologies  and  no- 
menclature of  many  bones.  It  is  but  just  to  say  that  this  view  is 
not  universally  accepted. 

The  cartilaginous  cranium  {ckondrocranunn)  is  most  complete^ 
beneath  the  brain.     This  basal  portion  is  a  direct  continuation  of 
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the  vertebral  column,  and  a  part  of  it  (the  parachordals)  embraci-s 
the  anterior  end  of  the  notochord,  while  part  (the  traheeula-)  ex- 
tends in  front  of  the  end  of  the  notochord.  The  side  walls  of  tlie 
skull  are  increased  by  the  cartilaginous  envelopes  of  the  two  senj-e 
organs,  the  nasal  and  otic  capsules,  around  the  nose  and  ear.  He- 
tween  these  is  a  hollow  for  the  eye  which  contributes  nothing  to 
the  skull}.  .:In.oijIy:a:few  forms  is  (he  chondrocranium  completely 
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closed ;  TiBnally  gaps  {fonianelle»)  occur  in  its  roof,  and  frequently 
iit  its  floor.  The  higher  the  animal  intellectuallj  and  the  larger 
its  brain  the  more  the  connective  tissue  {primordial  cranium)  is 
called  upon  to  roof  in  the  chondro cranium.  Hence  it  is  that  in 
the  reptiles,  birds,  and  mammals,  where  it  is  also  confined  to 
embryonic  life,  the  chondrocranium  is  relatively  the  smallest. 
Since  it  only  closeB  above  in  the  occipital  (hinder)  region,  while 
it  gaps  widely  in  front,  it  follows  that  the  secondary  bones  play  an 
important  part  in  the  completion  of  the  skull. 

The  bony  akull  presents  great  difficiiltiea  from  the  standpoint 
of  comparative  anatomy,  in  part  from  its  varying  appearance  in 
the  different  groups,  in  part  on  account  of  the  number  and  com- 
plicated arrangement  of  the  constituent  bones.  It  may  be  said  in 
beginning  that  as  a  rule  the  same  bone  reappears  in  the  separate 
classes,  and  that  the  difficulties  are  connected  with  the  fact  that 
certain  bones  may  fail  to  develop  (Amphibia),  or  they  may  fuse 
to  larger  elements  (mammals),  A  further  complication  results 
from  the  intimate  union  with  the  cranium  of  bones  of  the  yisceral 
arches,  which,  strictly  speaking,  do  not  belong  to  it. 
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The  primary  bones  (preformed  in  cartilage)  can  be  divided  ac- 
cording to  the  cranial  regions  into  four  groups:  (1)  bones  of  the 
hinder  part  of  the  head— occi>i7o/('a;  (2)  bones  of  the  ear  region 
— otica;  (3)  bonea  near  the  eye — spheiwiiitiHa;  and  (4)  of  the 
nasal  capsule — elhmoitlalia.  The  occipitalia — font  in  number 
(figs.  560-562)— united  in  the  higher  mammals  to  a  single  occipital 
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bone,  surround  the  foramen  magnum,  the  opening  through 
which  the  spinal  cord  passes  to  connect  with  the  brain.  Those  are 
a  pair  of  exoccipitals,  right  and  left,  a  supraoccipital  above  and 
a  basioccipital  below.  The  otica  depend  in  their  development 
upon  the  extent  of  the  otic  region.  In  the  fishes,  where  this  part 
is  large,  several  bones  may  be  present :  epiotic,  pterotic,  sphenotic, 
prootic,  and  often  opisthotic.  In  the  mammals,  on  the  other  hand, 
these  are  fused  to  a  single  petrosal  bone  (figs.  561,  562)  of  small 
size. 

Since  the  otic  bones  usually  do  not  reach  the  middle  line  below, 
the  sphenoidalia  rest  direct  upon  the  basioccipital  behind  and  in 
front  upon  a  presphenoid  bone,  both  unpaired  bub  arising  from 
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paired  centres.  With  each  is  connected,  right  and  left,  a  pair  of 
bones ;  with  the  basisphenoid  the  alisphenoids,  with  the  presphenoid 
the  orbitosphenoids,  just  as  the  exoccipitals  flank  the  basioccipital. 
In  the  region  of  the  nasal  capsule  there  is  an  unpaired  mesethmoid 
with  a  pair  of  ectethmoids.  Hence  the  cranium  of  primary  bones 
may  be  described  as  a  chain  of  four  median  basal  bones,  basioccipi- 
tal, basisphenoid,  presphenoid,  and  mesethmoid;  right  and  left  of 
this  a  row  of  exoccipital,  alisphenoid,  orbitosphenoid,  and  ecteth- 
moid.  The  position  of  the  otic  capsule  results  in  the  sum  of  the 
otic  bones,  the  petrosal,  being  wedged  in  between  the  exoccipitak 
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and  the  alisphenoid.     Oulj  behind  ie  there  a  dorsal  element,  the 
Eiipraoccipital. 

The  skull  must  be  roofed  in  by  membrane  bones,  and  of  these 
three  pairs  are  almost  constantlj  present.  These  are,  from  behind 
forwards,  a  pair  of  parietals,  a  pair  of  frontals,  and  a  pair  of  nasals, 
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the  latter  covering  the  nasal  capsules.  Confined  to  the  lower 
vertebrates  is  a  large  membrane  bone  on  the  floor  of  the  skull,  the 
parasphenoid,  which  reaches  from  the  basioccipital  to  the  meseth' 
moid. 

The  scheme  of  the  crnnium  thus  outlined  undergoes  the  most  modia- 
Cfttiona  in  the  sphenoidal  region.  Parasphenoid.  on  the  one  hand,  and 
basi-and  presphenoid,  on  the  other,  may  be  substituted  for  one  another, 
fio  [bat  when  the  parasphenoid  is  present  (fishes,  Amphibia)  tbe  others 
are  small  or  aljsent  and  vice  tersa  (mammals).  In  the  mammals,  besides, 
the  alisplienoids  fuse  with  the  basisphenoid  (greater  wings),  the  orbito- 
sphenoida  witli  the  presphenoid  (lesser  wings),  so  there  arise  here  an  an- 
terior and  a  posterior  sphenoid,  fused  in  man  to  a  single  sphenoid  bone. 
Me^;ethmoid  and  eotethmoids  likewise  fuse  in  the  mammals  to  an  eth- 
moid bone. 

The  brain  case,  or  cranium,  is  developed  into  the  complete  sknll 
by  the  addition  of  the  visceral  skeleton,  a  series  of  arches  which, 
like  ribs,  embrace  the  beginning  of  tbe  alimentary  tract  and  nre 
related  to  the  cranium,  much  as  are  riba  to  the  vertobrfe.  These 
must  be  considered  as  parts  of  the  skull,  although  in  part  they  are 
shoved  backwards  and  lie  under  the  anterior  end  of  tbe  vertebral 
column.  As  the  ribs  arise  in  alternation  with  the  musculature 
(mt/omeric),  so  the  visceral  arches  are  similarly  related  to  the  gill 
formation  {branchiomeric).  Analogous  to  the  cranium  the  visceral 
skeleton  has  a  cartilaginous  and  a  bony  stage.  The  visceral  skeleton 
is  entirely  cartilaginous  only  in  Elasmobranchs,  and  here  it  is  so 
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loosely  connected  with  the  cranium  as  to  be  easily  separated  from 
it.  It  consists  in  these  forms  usually  of  eight  (rarely  eleven) 
arches  (fig.  588) ;  these  are,  from  in  front  backwards,  the  rudi- 
mentary labial  cartilages,  then  the  large  mandihular  arcJi,  the 
hyoid  arch,  and  five  (rarely  seven)  gill  or  branchial  arches.  The 
mandibular  arch  consists,  on  either  side,  of  two  pieces  which  bear 
teeth  and  oppose  each  other  in  biting;  the  upper  half,  attached  to 
the  skull  in  front  and  behind,  is  the  pterygoquadrate  (is  not  the 
upper  jaw  of  higher  forms).  The  lower  part,  which  is  hinged  to 
the  other,  is  the  mandibular  or  Meckel's  cartilage.  In  the  same 
way  the  hyoid  arch  is  divided  into  an  upper,  or  hyomandibular, 
and  a  lower  hyoid  proper  on  either  side,  the  hyomandibular  being 
fastened  to  the  otic  capsule.  The  hyoids  are  united  below  by  an 
unpaired  piece,  the  copula,  A  copula  also  exists  between  the 
halves  of  the  branchial  arches,  each  of  which  consists  of  four  parts 
on  either  side.  Hyoid  and  gill  arches  bear  gills.  Certain  features 
(existence  of  rudimentary  gills  and  a  rudimentary  gill  cleft,  the 
spiracle)  indicate  also  that  the  mandibular  arch  was  once  gill- 
bearing  and  that  it  lost  its  original  function  upon  being  converted 
into  an  organ  of  mastication.  Becently  the  labial  cartilages  have 
been  regarded  as  remnants  of  a  support  for  tentacles  around  the 
mouth  like  those  of  Arnphioxus  and  Myxine,  and  which  reappear 
anew  in  the  barbels  of  bony  fishes.  Hence  they  are  not  compar- 
able to  the  other  arches. 

By  oBsifi cation  the  visceral  arches  of  the  higher  fishes  and  all 
higher  vertebrates  produce  a  great  modification  of  the  skull,  this 
being  increased  by  a  progressive  change  of  function  of  the  arches, 
which  depart  more  and  more  from  their  relations  to  the  respiratory 
apparatus.  From  this  standpoint  they  may  be  divided  into  two 
groups,  an  anterior,  consisting  of  labial  cartilages,  mandibular  arch, 
and  the  hyomandibular;  and  a  posterior,  of  the  hyoid  and  the  gill 
arches.  The  hinder  arches  are  well  developed  as  long  as  branchial 
respiration  persists.  With  the  loss  of  gills  they  largely  disappear, 
but  what  remains  forms  the  hyoid  or  tongue  bone  (not  to  be  con- 
fused with  the  hyoid  proper),  its  body  being  composed  of  the 
copula,  its  anterior  horns  of  the  hyoid,  and  its  posterior  horns  of 
the  remnants  of  a  gill  arch.  Other  gill  arches  contribute  to 
laryngeal  cartilages,  the  epiglottis  and  the  cartilages  of  the  audi- 
tory meatus. 

The  anterior  members  of  the  visceral  skeleton  (labials,  pterygo- 
quadrate, Meckelian,  and  hyomandibular)  become  developed 
further,  but  lose  more  and  more  their  individuality  and  unite  with 


IV.    VERTEBRATA,  525 

the  craniam;  in  the  raammalB  forming  the  *  bones  of  the  face/  It 
is  therefore  a  source  of  additional  bones  which  are  difficult  to  fol- 
low from  class  to  class,  since  they  change  in  their  functions  and 
consequently  in  shape  and  relative  size. 

All  vertebrates  with  bony  visceral  skeleton   (figs.   561,   589) 
have  two  pairs  of  membrane  bones,  right  and  left,  in  front  of  the 
pterygoquadrates,  the  premaxillaries  (intermaxillaries)  and  max- 
illaries.     They  bear,  in  toothed  vertebrates,  the  marginal  row  of 
teeth,  which  are  distinguished  from  the  palatopterygoid  teeth  in 
that  they  are  opposed  by  the  teeth  of  the  lower  jaw.    The  pterygo- 
quadrates are  thus  forced  backwards  and  form  a  second  series  of 
hones,  parallel  to  the  maxillary  series,  which  likewise  may  bear 
teeth.     This  row  of  bones  consists  of  an  anterior  palatine  portion 
and  a  posterior  quadrate  part.     The  cartilages  of  the  palatine  part 
largely  disappear  and  are  replaced,  in  front,  by  a  pair  of  vomers 
followed  by  a  pair  of  palatines,  while  farther  back  are  a  pair  of 
pterygoids.     The  quadrate  portion  ossifies  into  the  quadrate  bone, 
which  affords  the  articulation  for  the  lower  jaw.     The  ossifications 
for  the  lower  jaw  occur  in  a  similar  way;  in  front  a  series  of  mem- 
brane bones,  of  which  the  dentary  is  most  important,  surrounding 
Meckel's  cartilage,  while  the  hinder  part  of  the  Meckelian  ossifies 
into  the  articulare,  so  called  because  it  articulates  with  the  quad- 
rate.    The  hyomandibular  forms  only  one  constantly  present  bone 
known  by  the  same  name. 

If  all  vertebrates  with  bony  skeletons  be  compared,  it  is  found 
that  those  with  terrestrial  habits  have  a  sound-conducting  apparatus 
in  connexion  with  the  ear.  This  is  composed  of  elements  which, 
in  the  fishes,  lie  in  the  neighborhood  of  the  otic  capsule,  the 
hyomandibular,  the  quadrate,  and  the  articulare,  to  which  is 
added  another  element,  the  stapes,  which  occupies  the  fenestra 
ovalis  (p.  544)  and  is  derived  from  the  otic  capsule  itself.  In 
Anura,  reptiles,  and  birds  the  hyomandibular  apparently  givcB 
rise  to  an  element,  the  columella,  which  abuts  against  the  stapes. 
In  the  mammals  stapes  and  columella  are  possibly  fused,  while 
quadrate  and  articulare  undergo  a  change  of  function,  losing 
their  position  in  connexion  with  the  articulation  of  the  jaws  and 
being  converted  into  part  of  the  sound-conducting  apparatus,  the 
quadrate  furnishing  the  incus,  the  articulare  the  malleus  (figs. 
576,  577).  Since  the  lower  jaw  in  this  way  loses  its  articulation, 
a  new  one  is  formed  by  a  process  from  the  membrane  bones. 

AecordiDg  to  this  view  the  lower  jaw  of  a  mammal  is  not  equivalent 
to  the  lower  jaw  of  a  bird,  since  in  the  latter  the  hinge  is  furnished  by  the 
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quadrate-articulare  joint.  It  should  be  said  that  another  vievir  obtains, 
though  not  so  well  supported,  which  considers  the  ear  bones  as  exactly 
homologous  throughout  terrestrial  vertebrates,  and  which  recogpaizes  incus 
and  malleus  in  the  columella  and  maintains  that  quadrate  and  articulare 
form  the  hinge  of  the  mammalian  jaw. 

In  conclusion  three  other  bones,  widely  distributed,  must  be 
mentioned — the  squamosal,  the  tympanic,   and  the  jugal.     The 
squamosal  is  a  membrane  bone  arising  at  the  boundary  of  quadrate 
and  otic  capsule  (petrosal),  and  hence  with  relations  to  both  these 
bones.     It  increases  in  size  as  the  quadrate  diminishes  in  changing 
to  the  incus,  and  in  the  mammals  fuses  with  the  petrosal  to  form 
the  temporal   bone.     In  common  with  the  tympanic,   which  in 
mammals  also  fuses  with  the  petrosal,  it  forms  a  frame  for  the 
attachment  of  the  tympanic  membrane  of  the  ear.     The  jugal 
(malar,  zygomatic)  belongs  to  the  maxillary  series.     In  many  ver- 
tebrates this  series  is  articulated  only  in  front,  its  posterior  end 
terminating  freely  in  the  soft  parts,  but  when  the  jugal  occurs  it 
forms  a  jugal  or  zygomatic  arch  which  bridges  the  gap  between 
the  maxillary  and  the  quadrate  region  of  the  skull.     When  the 
quadrate  becomes  modified  to  the  incus,  the  jugal  articulates  with 
its  companion,  the  squamosal,  which  extends  a  zygomatic  process 
forward  for  this  purpose. 

Difficulties  in  ascertaining  the  morphological  relations  of  bones  arise 
where  the  visceral  and  cranial  parts  join  and  where  primary  and  second- 
ary bones  touch,  especially  since  in  the  latter  no  general  criteria  of 
distinction  can  be  drawn.  Thus  the  pterotic,  sphenotic,  and  ectethmoid  of 
the  fishes  are  often  replaced  by  other  secondary  bones  in  the  Amniotes ; 
the  primary  pterotic  by  the  secondary  squamosal ;  the  primary  sphenotic 
and  ectethmoid  by  two  membrane  bones  in  front  of  and  behind  the  frontals, 
the  prefrontals  and  postfrontals  of  reptiles  and  other  forms. 

Just  as  skull  and  vertebral  column  form  a  firm  axis  for  the  body, 
the  appendages  are  supported  by  axial  skeletal  structures.  Two 
kinds  of  appendages  are  recognized,  paired  and  unpaired,  which 
generally  occur  together  only  in  fishes  (figs.  598-608).  The  un- 
paired consist  of  a  fold  of  the  skin  beginning  in  the  sagittal  plane 
behind  the  head,  running  back  around  the  tail  and  forward  on 
the  ventral  surface  to  the  anal  region.  This  continuous  fold  is 
nearly  always  divided  into  three  parts,  a  dorsal  fin  (often  sub- 
divided into  smaller  fins),  a  caudal  fin,  and  an  anal  fin.  In  a 
similar  way,  apparently,  the  paired  appendages — an  anterior  or 
thoracic  and  a  posterior  or  pelvic  pair — have  arisen  from  a  pair  of 
continuous  folds,  by  development  of  the  appendages  themselves 
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ADd  suppression  of  the  intermediate  regions.  Of  these  tho  on- 
paired  are  posaiblj  the  oldest,  since  tliey  occur  not  only  in  the 
cyclostomes,  bat  in  Amphioxus  and  the  tunicates  aa  well,  where 
paired  appendages  are  lacking;  on  the  other  hand  they  disappear 
in  the  higher  forms.  Since  they  are  of  service  only  in  an  aquatic 
life,  they  are  lost  in  the  Amphibia,  in  which  a  continuous  fin,  un- 
supported hy  skeletal  elements,  occurs  only  in  larval  life.  On  the 
other  hand  the  paired  appendages  gain  in  importance  with  terres- 
trial habits. 

In  the  fins  of  fishes  two  kinds  of  skeletal  elements  occur  which, 
in  the  Elasmohranchs,  are  distinguished  hy  their  histological 
Btmcture,  since  the  one,  the  fin  supports  (hasalia  and  radialia), 
consist  of  cartilage,   the  others  (actinotrichia,  dermal   skeleton) 
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are  of  homy  consistency  {fig.  563).  Since  in  the  teleosts  both 
kinds  of  supports  may  ossify,  the  distinction  is  here  less  striking, 
yet  tho  hasalia  and  radialia  arise  from  cartilage  and  lie  in  the  basal 
part  of  the  fin,  while  the  others  are  never  cartilaginous  and  occur 
in  the  distal  portion.  These  distinctions  are  of  importance,  since 
the  actinotrichial  portions  play  no  part  in  the  development  of  the 
extremities  of  the  higher  groups.  Tlieso  arise  from  the  basal  sup- 
ports of  pectoral  and  pelvic  fins,  which  therefore  alone  need  further 
mention. 

The  skeleton  of  the  paired  appendages,  preformed  in  cartilage, 
consists  of  two  parts,  the  girdles  lying  in  the  lateral  walls  of  the 
trunk,  and  the  skeleton  of  the  limbs  themselveB.  A  girdle — a 
Bhoolder  or  pectoral  girdle  in  front,  a  pelvic  girdle  for  the  bind 
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limbs — is  in  its  simplest  form  an  arch  with  right  and  left  halves, 
each  lialf  with  an  articalar  surface  foi* 
the  limb,  dividing  it  iuto  dorsal  and 
ventral  portions  (fig.  5fi3).  The  dorsal 
portion  isthescapula  (shoulder  blade)  in 
the  pectoral,  ilium  in  the  pelvic  girdle. 
The  lower  portion  is  usually  split  into 
anterior  and  posterior  parts  (fig.  5C4). 
The  anterior  of  these  is  the  clavicle  in 
the  pectoral  girdle,  pubic  bone  in  the 
pelvis;  the  hinder  part  is  the  eoracoid 
or  the  ischium  in  the  two  girdles  re- 
spectively. These  parts  aro  most  con- 
stant in  the  pelvic  girdle.  In  the  pec- 
toral girdle  cither  eoracoid  or  clavicle 
may  bo  lacking,  at  times  both  are  absent; 
but  no  vertebrate  with  fore  limbs  lacks 
a  scapula.  In  the  clavicle  there  is  fre- 
quently an  element,  preformed  in  carti- 
lage, the  procoracoid,  to  be  distingnished 
from  a  membrane  bone,  the  clavicle  in 
the  strict  sense. 

lu  the  fishes  the  girdles  are  largely 
_  or  entirely  held  in  position  by  muscles; 

'"»■  in  most  terrestrial  vertebrates  there  is  a 

more  intimate  connexion  with  the  axial  skeleton  and  especially  with 
the  vertebral  column.  In  the  case  of  the  pelvic  girdle  the  connexion 
is  direct,  since  the  ilium  is  articulated  with  one  or  more  sacral 
vertebrte  (in  reality  not  with  the  vertebrse  themselves,  but  by  the  in- 
tervention of  sacral  ribs).  The  connexion  of  the  pectoral  girdle  is 
less  direct  and  ia  looser.  This  is  effected  by  clavicle  and  eoracoid. 
The  latter  connects  with  the  sternum,  which  in  turn  is  connected 
to  the  vertebral  column  by  the  ribs;  the  clavicle  articulates  with 
a  bone,  the  episternum,  which  rests  upon  the  breast  bone,  the 
morphological  relation  of  which  is  doubtful,  since  nnder  this  term 
liave  been  included  different  structures  (the  membrane  bone  of 
Reptiles,  episternum  in  the  strict  sense,  the  cartilage  bone,  the 
presternum  of  the  monotremes  and  the  prceclavia  of  the  mammals). 
Since  only  the  free  portions  of  the  appendages  are  concerned 
directly  in  locomotion,  and  since  the  various  modes  of  motion — 
swimming,  flight,  running,  leaping,  climbing — demand  special 
modifications,  the  skeleton  of  the  Hmbs  showa  great  variety.     It 
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is  naually  believed  tbat  all  these  forms  are  to  be  traced  back  to 
an  ancestral  type,  the  arcliipterygium.  In  this  (fig.  5tJ3)  are 
numerous  skeletal  parts  whicli  vary  little  in  size  and  form  and  are 
arranged  in  many  closely  appressed  rows.  One  of  the  rows  has 
acquired  promiuenee  and  is  called  the  principal  row;  it  begins 
with  a  larger  piece,  the  metapteryginm,  which  articulates  with  the 
girdle  and  bears  either  on  both  sides  (arcbipterygium  biseriale)  or 
only  on  one  (a rchi pterygium  uniseriale)  the  lateral  rows  of  skeletal 
elements.  Usually  most  of  the  lateral  rows  are  not  attached  to 
the  principal  row,  but  arise  independently  from  the  girdle,  and 
may  begin  with  larger  parts,  the  propterygium  and  mesopteiygiam. 

From  this  arcbipterygium  can  be  derived  a  primary  form  which 
serves  for  all  terrestrial  vertebrates  from  the 
Amphibia  onwards;  it  is  the  pentadactyle  ap- 
pendage (fig.  565).  In  tracing  this  from  the 
arcbipterygium  (of  either  uniserial  or  biserial 
type)  the  following  modifications  must  be  sup- 
posed. First  a  reduction  in  the  number  of 
rows  to  five,  a  principal  row  and  four  acces- 
sory rows.  Tlie  terminal  portions  of  the  prin- 
cipal row  produce  the  bones  of  the  fifth,  the 
accessory  rows  of  the  other  fingers.  Then 
there  is  an  unequal  growth  of  parts;  the  meta- 
pteryginm, already  in  Elaamobranchs  a  con- 
siderable element,  increases  in  size  and  forms 
in  the  fore  limb  tlie  humerus,  in  the  hind 
limb  the  femur.  In  like  manner  the  second 
«lement  of  the  principal  row  and  the  first  of 
the  first  accessory  row  increase  aud  form  re- 
f^pectively  ulna  and  radius  in  front,  fibula  and 
tibia  behind.  Then  follow  parts  which  remain 
small  and  somewhat  cubical,  carpal  bones  in 
the  fore  limb,  tarsals  in  the  hinder  extremity; 
they  bear  in  turn  slender  bones,  the  meta- 
carpals or  metatarsals,  and  these  at  last  the 
phalanges.  (For  the  nomenclature  of  carpala  star»irw'^"«nd"'^*al 
and  tarsals  see  the  explanation  of  fig.  5t>5. )  langea  not  lettered. 

The  third  and  most  important  modification  is  brought  about 
by  the  development  of  joints.  So  long  as  the  appendage  served 
as  an  oar  it  must  act  as  a  single  plate  with  its  parts  firmly  held. 
On  the  other  hand,  when  it  must  act  as  a  system  of  levers  to  sup- 
port and  move  the  body,  as  is  necessary  in  a  terrestrial  animal,  it 
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muBt  be  divided  into  sections,  jointed  to  each  other.  By  this 
there  are  developed  two  joints  of  importance  in  both  fore  and  liind 
limbs;  the  elbow  (knee)  joint  between  humerus  (femur)  on  the 
one  hand  and  radius  and  uhia  (tibia  and  fibula)  on  the  other;  and 
the  wrist  joint  (ankle)  between  the  bonea  of  the  fore  arm  (shank) 
and  the  carpals  (tarsals).  Less  important  are  the  joints  of  the 
fingers  and  toes. 

If  the  limbs  of  terrestrial  vertebrates  be  compared  with  this 
primary  form,  variations  are  seen  in  two  directions,  llarely  are 
there  more  bones  than  in  thu  schema;  then  there  occur  remnants 
of  a  sixth  or  even  a  seventh  row  or  finger.  More  frequently  there 
is  a  reduction  in  the  number  of  parts,  either  by  fusion  or  by  abso- 
lute loss.  Fusion  accounts  for  the  fact  that  with  complete  pen- 
tadactyly  the  number  of  carpalia  is  usually  less  than  ten,  as  would 
be  expecte<l  from  the  schema.  Degeneration  and  loss  explain  the 
existence  of  animals  with  four,  three,  two,  or  even  one  digit,  and 
one  can  say  with  certainty  that  the  missing  parts  are  in  most  cases 
lost,  though  a  fusion  of  digits  is  not  unknown.  Paleontology,  for 
example,  teaches  that  the  one-toed  horse  has  descended,  by  gradual 
reduction,  from  five-toed  ancestors. 

The  completeness  and  character  of  the  skeleton  thus  sketched 
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in  outline  has  a  great  influence  on  tho  rest  of  the  organism.  It 
has  already  been  pointed  out  that  tlie  external  appearance  of  ver- 
tebrates has  been  inHuenced  by  it,  since  the  skin  is  no  longer,  as  iu 
arthropods,  a  supporting  structure  and  has  consequently  lost  its 
segmentation.  More  immediate  is  its  influence  upon  tho  arrange- 
ment of  the  muscuktnre.  The  development  of  an  internal  skflf- 
ton  renders  it  necessary  that  the  point  of  resistance  of  the  muscles 
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must  be  transferred  from  the  skin,  where  it  is  found  in  annelids, 
molluscs,  and  arthropods,  to  the  interior.  A  dermal  musculature 
occurs  only  as  an  inconspicuous  remnant  in  vertebrates;  it  is  re- 
placed by  a  body  musculature.  This  latter  consists  primarily  of  a 
longitudinal  system-  of  muscle  fibres  on  either  side  of  the  vertebral 
column  (fig.  560),  which  are  divided  by  connective- tissue  partitions, 
the  myosepta  or  myoconimata,  into  successive  segments,  the  myo- 
tomes. Thus  when  the  connective  tissue  of  a  fish  is  dissolved  by 
coo  Icing  the  muscles  fali  into  disk-like  parts.  Tbe  myosepta  ex- 
tend from  skin  to  asial  skeleton.  Since  they  run  obliquely  back- 
wards from  the  skeleton  to  the  skin,  they  serve  to  render  the 
skeleton  a  point  of  resistance  for  the  action  of  the  muscles. 

A  segmented  trunk  musculature  occurs  in  the  Myxinoids  (and 
ill  Amphioxus),  in  which  the  axial  skeleton  consists  only  of  noto- 
chord  and  is  consequently  unjointed.  The  segmentation  of  the 
muscles  is  therefore  older  than  that  of  the  skeleton  and,  as  we  can 
further  say,  is  the  cause  of  it.  The  action  of  the  muscles  prevents 
the  formation  of  a  cartilaginous  or  bony  vertebral  continuum  such 
as  the  uotochord  and  skeletaginona  layer  are.  It  produces  at  in- 
tervals joints  or  flexible  parts  separating  the  cartilaginous  or  bony 
column  into  vertebne.  Naturally  these  flexible  portions  cannot 
coincide  with  the  boundaries  of  the  muscles,  but  must  lie  between 
them;  in  other  words,  muscle  segments  and  skeletal  segments — 
myotomes  and  sclerotomes — must  alternate.  Segmentation  is  lack- 
ing in  the  cranium,  since  the  myotomes  here  have  no  locomotor 
significance,  are  reduced,  and  only  small  remnants  of  them  persist. 

In  the  mammals  only  a  little  of  this  segmental  arrangement  of 
muscles  is  recognizable,  a  result  of  the     ^ 
development  of  the  appendages;  and  the 
more   these   gain   in   importance  as  the     •» 
locomotor  structures,  the  more  the  mus- 
cles are  modified  and  grouped  for  the  ser-    uh 
vice  of  the  limbs,  so  that  only  the  inter- 
costals  and  a  part  of  the  muscular  system 
to  the  sides  of  the  vertebral  column  show 
clearly  the  primitive  metamerism.     Yet 

in  all  vertebrate  embryos  the  muscles  ap-  ^t"bn""o7l"'''"«mSy<.'*S 
pear  at  first   strictly  segmental,  in   the  wig.T'ri,, 'noto?ho^"*JJ; 

form  of  the  primitive  somites  (fig.  567),  mQBei™'*B8K'ineni"(niyZ 

formerly  called  protovertebrte,  tomei. 

Another  important  point  in  the  musculature  lies  in  the  fact 
that  it  is  dorsal  in  origin  and  therefore  in  fishes  is  largely  dorsal 
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in  position  throughout  life.  The  muscles  which  are  ventral  liare 
largely  been  transferred  from  the  back,  and  the  cause  of  the  migra- 
tion is  to  be  recognized  to  a  large  extent  in  the  progressive  devel- 
opment of  the  appendages.  The  dorsal  position  of  the  muscles  is 
only  a  part  of  a  general  fact,  that  the  skeletal  axis  divides  the  body 
into  a  dorsal  zone,  containing  only  animal  organs,  and  a  ventral 
zone,  chiefly  vegetal  in  character.  Besides,  the  muscles,  the  cen- 
tral nervous  system,  and  the  most  important  sense  organs — eyes, 
nose,  ears — belong  to  the  dorsal  zone. 

The  central  nervous  system  of  vertebrates  consists  of  brain  and 
spinal  cord.  Like  that  of  all  chordates  it  is  distinguished  from 
that  of  other  segmented  animals — annelids,  arthropods,  in  which 
there  is  a  dorsal  brain  and  a  ventral  nerve  chain — in  its  purely 
dorsal  position.  It  is  further  distinguished  from  that  of  all  non- 
chordates  by  its  tubular  character,  that  is,  by  the  presence  of  a 
central  canal  in  tlie  axis  of  the  elongate  central  system  (fig.  76), 
lined  by  a  special  epithelium,  the  ependyma,  and  containing  a 
fluid,  the  liquor  cerebrospinalis.  This  central  canal  is  the  result 
of  the  mode  of  development,  the  nervous  system  arising  by  an  in- 
rolling  of  the  ectoderm  and  not  by  a  splitting  from  it  as  in  the 
invertebrates  (fig.  9).  Besides  the  neurenteric  canal  already 
referred  to  (p.  602),  there  long  persists  at  the  anterior  end  an 
opening  to  the  exterior,  the  neuropore.  In  all  vertebrates,  in  con- 
tradistinction to  the  lower  chordates,  the  brain  is  large  and  sharply 
marked  off  from  the  spinal  cord. 

The  spinal  cord  is  a  cylindrical  structure  (flattened  in  Cyclo- 
stomes,  fig.  555)  which,  in  the  middle  line  above  and  below,  is 
marked  by  two  longitudinal  grooves,  the  dorsal  and  ventral  fissures 
of  the  cord  (,7;,  sa,  fig.  70).  The  central  canal  {Cc)  has  its  lumen 
greatly  narrowed  by  the  growth  of  tlie  nervous  tissue,  in  which, 
as  in  the  ganglia  of  the  invertebrates,  two  layers  are  distinguished, 
one  containing  almost  solely  nerve  fibres,  the  other  both  fibres  and 
nerve  or  ganglion  cells.  The  arrangement  of  these  layers  is  con- 
trasted with  that  of  the  invertebrates  in  that  the  ganglion-cell 
layer — the  gray  matter — lies  in  the  centre,  the  fibrous  layer — white 
matter  ( W) — on  the  periphery,  a  reversed  position  consequent 
upon  the  development  by  infolding.  The  distinction  in  color 
indicated  in  the  names  depends  upon  the  fact  that  white  medullated 
fibres  nin  in  the  cortex,  while  in  the  gray  matter  gray  non-medullated 
fibres  are  present  between  the  nerve  cells.  The  color  distinctions 
fail  in  the  cyclostomes  (and  Amphioxus),  which  have  no  medullateJ 
fibres,  although  the  same  general  structure  occurs. 
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The  gray  matter  surrounds  the  central  canal,  but  extends  on 
either  side  dorsally  and  ventrally  into  the  white  matter,  so  that 
in  section  it  resembles  somewhat  the  letter  H,  with  its  dorsal 
(fig.  76,  HH)  and  ventral  horns  ( VH),  By  means  of  these  horns 
and  the  dorsul  and  ventral  nerve  roots  arising  from  them,  the  white 
matter  on  either  side  is  divided  into  three  tracts,  the  dorsal  {H), 
ventral  {$),  and  lateral  {S)  columns  of  the  cord. 

Corresponding  to  each  muscle  segment  two  nerve  roots  arise 
from  the  cord,  a  dorsal  root,  with  a  ganglion  (spinal  ganglion)  at 
some  distance  from  the  cord,  and  a  ventral  root,  without  a  ganglion. 
The  dorsal  root  contains  only  sensory  fibres — i.e.,  those  carrying 
nervous  impulses  to  the  cord — and  is  afferent,  while  the  ventral 
roots  are  efferent  and  contain  only  motor  elements  (Bell's  Law). 
These  roots  unite  into  a  mixed  root,  which  then  divides  into  dorsal 
and  ventral  branches. 

The  brain  of  vertebrates  in  general  corresponds  in  its  funda- 
mental plan  (fig.  5GS),  best  seen  in  development,  with  the  brain  of 

man.  At  an  early  stage  it  consists  of  three 
vesicles,  one  after  the  other,  a  fore  brain 
(prosencephalon),  a  mid  brain  (mesencepha- 
lon), and  a  hind  brain  (metencephalon). 
Usually  this  stage  is  reached  before  the 
closure  of  the  medullary  folds.  Formerly  it 
was  stated  that  a  condition  with  five  vesicles 
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Fio.  568  —Diagram  of  a  vertebrate  brain.  (From  Wiedersheim.)  Aq^  aqueduct ;  C^, 
central  canal :  FM^  foramen  of  Monro  (connexion  of  lateral  ventricles  with  each 
other  and  with  the  third) ;  ////,  cerebellum ;  MH^  corpora  bigemina  (optic  lobes) ; 
JV//,  medulla  oblongata;  /?.  spinal  cord;  .sK,  lateral  ventricles ;  K//,  cerebrum; 
ZH^  optic  thalami  (*twizt  brami ;  ///.  jr,  third  and  fourth  ventricles. 

Fio.  509.— Scheme  of  brain  in  aasrittal  section,  c,  cerebrum :  cb,  cerebellum;  rc^  canal 
of  spinal  cord:  vK  notochord;  cm,  corpus  striatum;  /t,  hypophysis ;  f,  infundibu- 
lum  :  »i,  medullary  region  ;  o,  optic  cniasma ;  o/,  olfactory  lobe ;  oZ,  optic  lobes ; 
p,  plnealis. 

followed  upon  this  with  three,  the  mid  brain  remaining  undivided, 
while  the  hind  brain  divides  into  cerebellum  (cb)  and  medulla 
oblongata  (/7i) ;  the  fore  brain  into  cerebrum  and  ^twixt  brain. 
This  is  unnatural  so  far  as  the  hind  brain  is  concerned,  for  cere- 
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bellum  and  medulla  are  related  to  one  another  as  roof  and  floor  of 
one  and  the  same  cavity  (fig.  669).  The  distinction  between  the 
first  and  second  vesicles  is  problematical.  The  fore  brain  becomes 
divided  into  three  parts  by  an  inpushing  at  its  anterior  end:  an 
unpaired  middle  portion,  and  in  front  a  right  and  a  left  diver- 
ticulum. These  paired  portions,  increasing  in  size,  form  the  cere- 
bral hemispheres,  and  together  with  a  small  connecting  part 
represent  the  first  cerebral  vesicle,  while  the  unpaired  portion 
forms  a  second  vesicle,  the  ^twixt  brain. 

Introducing  the  terms  of  human  anatomy  for  the  separate  parts 
of  the  brain,  the  first  vesicle  consists  of  the  two  cerebral  hemi- 
spheres whose  dorsal  and  lateral  walls  are  usually  thick  and  are 
called  the  pallium,  while  in  the  floor  of  each  hemisphere  is  an 
enlargement,  the  corpus  striatum  {cs).  The  spaces  in  the  hemi- 
spheres are  the  first  and  second  ventricles  {sv).  Prom  the  front 
portion  of  each  hemisphere  arises  a  distinct  region,  the  olfactory 
lobe  {of)y  which  gives  origin  to  the  olfactory  nerve.  Since  the 
organ  of  smell  is  frequently  at  some  distance  from  the  brain,  the 
olfactory  nerve  must  be  elongate,  as  in  the  Amphibia  (fig.  614),  or 
the  olfactory  lobe  must  lengthen,  as  in  many  Elasmobranchs  (fig. 
592).  In  the  latter  case  the  swollen  end  of  the  lobe  is  close  to 
the  olfactory  epithelium  and  is  connected  with  the  brain  by  a  long 
stalk,  the  tractus,  while  the  swelling  is  called  the  bulbus  olfacto- 
rius.  Both,  as  parts  of  the  brain,  must  be  distinguished  from  the 
olfactory  nerve. 

In  the  region  of  the  second  vesicle  only  the  lateral  walls  become 
thickened,  producing  the  optic  thalami,  directly  adjoining  the 
corpora  striata;  the  roof  of  this  vesicle  develops  no  nervous  sub- 
stance, but  remains  a  thin  layer  of  epithelium  closing  in  the  third 
ventricle  above  (///).  The  floor  is  also  thin- walled  between  the 
thalami  and  is  pushed  downwards,  forming  a  funnel-like  pocket, 
tlie  infundibulum  (i).  The  third  vesicle,  as  a  rule,  is  divided  by 
a  deep  longitudinal  dorsal  groove,  dividing  the  cavity  into  a  right 
and  left  ventricle,  while  the  two  halves  of  the  roof  are  known  as 
the  optic  lobes  or  corpora  bigemini.  In  the  mammals  alone  (in 
which  there  is  also  a  transverse  groove  dividing  the  optic  lobes 
into  the  corpora  quadrigemini)  the  cavity  of  this  mid  brain  is  re- 
duced, by  thickening  of  the  walls,  to  a  narrow  canal,  the  iter  or 
aqueduct  of  Sylvius,  with  the  result  that  the  term  fourth  ventricle 
is  transferred  to  the  cavity  of  the  hind  brain. 

This  last  region  is  called  the  medulla  oblongata;  it  is  a  prolonga- 
tion of  the  gpinal  cord,  and  in  many  respects  shows  a  similar  struc- 
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ture.  It  is  distinguished  from  the  cord  externally  in  that  it 
gradually  increases  in  size  in  front,  while  its  roof  is  reduced  to  a 
thin  epithelium,  often  torn  away  in  dissection,  leaving  an  opening, 
the  fossa  rhomhoidalis,  into  the  ventricle.  In  front  of  this  fossa  is 
the  cerebellum,  often  a  thin  transverse  nervous  lamella,  but  usually 
is  a  considerable  part  of  the  brain,  composed  of  a  median  *  vermis ' 
and  two  lateral  cerebellar  hemispheres. 

Although  these  five  parts  are  present  in  all  vertebrates,  the 
appearance  of  the  brain  in  the  various  classes  is  very  different, 
because  the  relative  Bize  and  form  of  the  parts  undergo  great 
variations.  In  the  lower  vertebrates  optic  lobes  and  medulla 
oblongata  are  disproportionately  large,  while  the  cerebrum,  and 
often  the  cerebellum,  are  insignificant  in  size;  in  the  cerebrum, 
again,  the  hemispheres  may  be  smaller  than  the  corpora  striata 
and  the  olfactory  lobes.  In  the  higher  vertebrates,  on  the  other 
hand,  the  cerebrum  and  cerebellum  far  surpass  the  other  parts, 
the  increase  in  size  of  the  cerebrum  being  proportional  to  the  in- 
crease in  intelligence.  The  cerebral  hemispheres  grow  backwards, 
in  man  and  the  apes  covering  the  other  parts,  while  in  front  the 
olfactory  lobes  are  carried  by  a  similar  overgrowth  to  the  lower 
surface.  Since  the  capacity  of  the  skull  is  limited,  the  cortex  of 
the  cerebrum,  the  seat  of  intelligence,  is  increased  in  amount  by 
the  development  of  folds,  gyri,  separated  by  sulci.  Somewhat 
similar  conditions  exist  in  the  cerebellum,  which  in  mammals  and 
birds  is,  next  to  the  cerebrum,  the  largest  part  of  the  brain. 

Connected  with  the  'twixt  brain  are  two  problematical  organs,  one,  the 
epiphysis  (pinealis),  being  dorsal;  the  other,  the  hypophysis  (pituitary 
body),  ventral.  The  hypophysis  arises  like  a  gland  by  an  outgrowth  from 
the  embryonic  mouth.  This  hypophysial  pocket  cuts  off  from  its  source, 
increases  by  budding,  and  fuses  with  parts  derived  from  the  end  of  the 
infundibulum  to  a  single  two-lobed  body.  It  has  been  compared  with  the 
subneural  gland  of  the  Tunicata  (p.  509).  The  epiphysis  is  an  outgrowth 
from  the  roof  of  the  brain,  from  which  develops  in  many  vertebrates  the 
parietal  organ.  In  many  reptiles  this  has  the  structure  of  an  eye  (pineal 
eye),  and  in  these,  separated  from  the  brain,  but  connected  with  it  by  a 
nerve,  it  lies  in  a  special  cavity  in  the  parietal  bone,  which  occurs  not  only 
in  recent  but  in  fossil  forms.     Above  the  eye  the  skin  may  be  transparent. 

The  nerves  which  come  from  the  brain  mostly  arise  from  the 
region  between  the  mid  brain  and  the  spinal  cord,  especially  from 
the  medulla  oblongata.  The  olfactory  and  optic  nerves  are  an 
exception,  the  one  arising  from  the  cerebrum,  the  other  from  the 
^twixt  brain,  but  both,  and  especially  the  optic,  differ  so  much  from 
the  peripheral  nerves  that  they  can  hardly  be  classed  with  them. 
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Development  shows  that  the  optic  nerve  is  a  part  of  the  brain. 
Following  custom,  however,  and  including  these  two,  the  pairs  of 
cranial  nerves  mAj  be  enumerated  in  the  terms  of  human  anatomy 
as  follows:  I,  N.  olfactorius;  II,  N.  opticus;  III,  N.  oculomotoiius: 
IV,  N.  trochlearia  (patheticus);  V,  N.  trigeminns;  VI,  N.  abducens 
VII,  N.  facialis;    VIII,   N,  acusticus;   IX,  N.  glossopharjngens: 


mm:  c\  cerebelinin:  i-r,  chorda  tympanl ;  r,  ear;  rr,  eiternal  rectus  mnsclc  ; 
inrertor  rectus  muBola  1  0,  Gasserfan  ganKllon  ;  h.  hyold  cartLlage;  Am.  hyoman- 
ibular;  i,  Internal  jrectui  muscle:  i<i,  inferior  oblique  muaclo :  J.  Jnoobeon'a 


fibular ; 


-jl,  lateralla  of  Tagna :  m.  mouth  ;  me,  MeoWers  cartlUKB:  nirf.  n. 

uuiariH:  mx.mailUarls  superior:  n,  noss;  n.  optic  lobes;  op,  aphthaTmlcQa  protnn- 
dos;  Di,  ophthalmicus  BDperflcIalls:  p.  plnealla:  pi,  uaUtloe;  |io,  poeUrtmatlo 
branchos:  pr,  pretrematlc  branches;  pn,  pnenmoKastrlc  ilntestlnall  of  vaKUs: 
vta,  pterrguquadrate;  i,  spiracle:  »,  nQperlor  obllqae  muscle;  it.  enperlor  rectus 
muscle;  (, 'twlit  brain;  i-.V,  cranial  nerves;  W,  Kill  clefts. 

X,  N.  vagua  (pneumogaafcricus),  XI,  N.  accessorius;  XII,  N. 
hypoglossua.  The  accessorius  in  flshes  and  amphibia  is  a  part  of 
the  vagns;  the  hypogloasus,  strictly  speaking,  belongs  to  the  spinal 
nerves  and  only  secondarily  is  associated  with  the  cranial  nerves, 
which  explains  ita  coarse,  outside  the  skull,  in  cycloatomes  and 
amphibia. 

Since  the  head  undoubtedly  consists  of  several  coalesced  boily  se^ 
ments  (nt  least  as  matij  ns  there  are  visceral  archest,  aiul  apparently 
more),  the  question  arises  whether  the  cranial  nerves  are  as  evidently  sejr- 
mcntal  as  are  those  of  the  trunk.  To  this  is  allied  the  further  question 
whether  Bell's  Law  that  a  mixed  nerve  consists  of  dorsal  sensory,  ami 
ventrnl  tnolor  components  is  applicable  here.  Both  problems  have  been 
much  discussed  in  recent  years,  but  as  yet  the  flnal  aasn'ers  have  not  been 
given.  It  is  probable  that  the  present  cranial  nerves,  the  optic  and  olfac- 
tory excepted,  have  arisen  by  manifold  rearrangements  of  segmentitl 
nerves.  On  the  other  hand  it  seems  impossible  to  accept  Bell's  Law  here 
without  considerable  mod  ideal  ion,  since  many  cranial  nerves  (facialis, 
trigemenus,  etc.)  contain  motor  Gbres,  although  they  are  fonned  like 
dorsal  roots. 
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Besides  the  uerrous  syslem  of  the  bndy  already  outlined,  the  Yertebrates 
faave  a  special  nervous  syslem  supplying  tlie  Tiscem, — the  sympathetic 
system, — and  in  this  a  Bpeci;il  central  organ  coDsistingoF  right  and  left 
cords  beneath  the  vertebral  column,  in  which  ganglia  are  incorporated. 
The  last  of  these  ganglia  lies  at  the  base  of  the  caudal  vertebrffi.  the  most 
anterior  at  the  be>;iniiing  oF  tlie  neck.  From  (he  latter  nerve  cords 
extend  into  the  head  and  are  connected  with  ganglia  (otic,  sphenopalatine). 
This  system  sends  out  nervt-s  m  the  form  of  delicate  networlis  (plexus 
eymparhetici)  which  usually  accompany  the  blood-vessels  to  the  vegela* 
tive  organs  (intestine,  sexual  appamttis,  etc.).  It  is  also  connected  with 
the  apinal  nerves. 

Regarding  the  sense  organs  of  the  vertebrates  we  stand  on 
firmer  ground  than  with  the  invertebrates,  since  their  great  simi- 
larity  to  those  of  man  Rupports  the  ideas  of  their  functions  derived 
from  studies  of  their  strncture.      The  tactile  organs  make  an  ei- 
ception,  since  only  in   land  animals,  and  not  in  fishes,  do  they 
resemble  those  of  man.     These  organs,  in  all  forms  above  fishes, 
have  the  peculiarity  that  the  nerves  do  not  end  in  epithelial  cells, 
bat  in  special  tactile  cells  of  the  derma,  which  either  lie  isolated  in 
the  connective  tissue  (Amphibia,  reptiles),  or,  grouped  together, 
produce  tactile   corpuscles   (birds,    mammals, 
fig.  B71),     These  are  oval  bodies  and  are  im- 
bedded  in  special  papillm  of  the  derma.     In 
form    and    position    they  are   much   like  the 
Vater- Pacinian   corpuscles,  which   are   distin- 
gnished  by  their  histological  strncture  (fig.  78} 
and,  since  they  also  occur  in  internal  organs 
(mesenl^ery  of  cat),  are  of  problematic  function. 
Besides  these  mesodermal  nerve  endings  there   nn.  Ki. -Tactile  or. 
are  present   in  all  vertebrates   intraepithelial     ^ngue.  w'outer en- 
nerve  branchings  which  are  best  seen  in   the     creiT'k  nerTe;''Si 
cornea  of  the  eye  and  in  animals,  like  pigs  and     p«rtitionB. 
moles,  with  sensitive  snouts.     Even  here  the  finest  nerve  twip  do 
not  end  in  epithelial  cells,  but  in  small  knobs  between  them. 

Fishes  lack  tactile  cells,  tactile  corpuscles,  and  end  bulbs; 
hence  the  skin  is  provided  with  sense  organs  in  which  a  sensory 
epithelium  occurs.  The  dermal  nerves  pass  into  the  epidermis 
and  end  in  oval  corpuscles,  which,  while  imbedded  In  a  stratified 
epithelium,  consist  of  a  single  layer  of  sense  cells.  According  to 
structure,  nerve  hillocks  and  nerve-end  buds  are  distinguished. 
The  first  are  the  specific  organs  of  the  lateral  line,  to  be  men- 
tioned later,  of  fishes  and  branchiate  amphibians  and  amphibian 
larrse,  and  therefore  appear  to  subserve  special  and  important  senaa- 
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tionB  connected  with  aqaatic  life;  hence  the  idea  of  a  'sixth 
eense,'  lacking  to  man  {cf.  p.  125).  The  end  buds  are  especially 
collected  in  the  Deighborliood  of  the  mouth,  on  the  lips  and  bar- 
bela.  Since  they  also  occur  in  the  mucous  membrane  of  the  mouth, 
especially  in  the  palatal  regions,  they  connect  with  the  taste  organs. 
The  taste  buds  have  the  Bame  Btructnro  as  the  end  buds  of  fishes. 
They  occur  in  all  classea  of  vertebrates,  and  are  most  abundant  in 
man  in  the  walls  of  the  circumvallate  papillas  at  the  base  of  the 
tongue;  in  rodents  on  the  large  foliate  papillfe,  etc. 

The  end  buds  also  lead  to  the  olfactory  organs.  The  olfactory 
epithelium  of  many  fishes  and  amphibia  la  a  stratified  epithelium 
vith  closely  arranged  end  buds  (fig.  6?3].     By  disappearance  of 


the  isolating  parts  of  the  ordinary  epithelium  the  end  buds  form 
a  continuous  sensory  epithelium,  which  is  the  rule  in  most  Ter- 
tebrates. 

The  olfactory  organ,  the  nose,  lined  with  its  sensory  epithelium, 
acquires  a  special  interest  both  from  its  grade  of  development  and 
from  the  important  systematic  distinctions  it  affords.  Except  the 
cyclostomes,  which  have  an  unpaired  nasal  sac,  all  vertebrates  have 
paired  olfactory  organs.  In  adult  fiehes  and  in  the  embryos  of 
higher  forms  are  two  pits  which  lie  in  front  of  or  dorsal  to  the 
month;  they  are  either  distinct  from  it  or  only  connected  with 
it  by  an  oronasal  groove  in  the  skin  (fig,  699).  If  the  animal 
be  terrestrial  and  replace  branchial  by  pulmonary  respiration,  a 
respiratory  canal  is  developed  in  connexion  with  the  nose.  The 
oronasal  groove  closes  to  a  tube  which  begins  with  an  opening 
(nostril)  on  the  surface  and  ends  with  a  second  opening  (choana) 
in  the  mouth  cavity.  The  olfactory  sac  proper  is  included  in  the 
wall  of  this  tube,  usually  on  its  dorsal  surface  (fig.  573).     In  Am- 
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AN^  outer  nasal  cavity;  C, 
olfactory  sac;  Or,  canal  from 
Jacobflon^s  organ  to  mouth ; 
C/i,  choana;  IN,  inner  nasal 
cavity ;  Ms,  roof  of  mouth; 
P,  Jacobson^s  organ :  t,  con- 
nexion between  nasal  cavi- 
ties. 


phibia,  lizards^  snakes,  and  birds  the  choana  is  far  forward,  behind 
the  upper  jaw ;  in  alligators,  turtles,  and  mammals  it  is  carried  far 
back,  in  crocodiles  and  some  mammals 
(edentates)  nearly  to  the  vertebral  col- 
umn. This  position  is  brought  about  by 
the  development  of  the  hard  palate,  a 
parting  wall  which  divides  the  primitive 
mouth  cavity  into  two  portions,  a  lower, 
the  persistent  or  secondary  mouth  cavity,  /% 

and  an  upper,  which,  as  secondary  nasal  ^<?-  sra.— Diagram  of  nose  of 

K   <l    .         /    ^^  '  Uzard.  (After  Wiedershelm^) 

cavity,  contributes  to  the  air  passages. 

The  bones  of  the  maxillary  and  palatine 

series  contribute  to  the  hard  palate,  since 

premaxillaries,  mazillaries,  and  rarely  the 

pterygoids  send  out  horizontal  processes 

which  meet  in  the  middle  line.     In  the  mammals  this  partition 

is  continued  back  by  the  muscular  soft  palate.     In  crocodiles  there 

is  a  fibrous  palate. 

In  the  olfactory  organ  of  the  chordates  two  constituents  must  be 
recognized,  an  unpaired  and  two  paired  portions.  The  unpaired  portion 
alone  occurs  in  Amphioxus,  this  being  supplied  by  the  lobus  olfactorius 
impar  ;  in  all  vertebrates  there  are  paired  sacs  with  paired  olfactory  lobes. 
The  unpaired  sac  of  the  cyclostomes  has  apparently  arisen  from  a  union  of 
paired  and  unpaired  parts,  hence  the  double  olfactorius. 

A  further  increase  in  the  nasal  cavity  is  brought  about  by  complicated 
folds  in  the  walls  supported  by  special  skeletal  parts,  the  turbinal  bones, 
and  also  by  the  outgrowth  of  chambers,  lined  with  mucous  membrane 
which  extends  into  the  neighboring  bones.  Thus  are  formed  the  sinus 
frontalis  in  the  frontal  bone ;  behind,  the  sphenoid  sinus  in  the  sphenoid, 
and  the  antrum  of  Highmore  in  the  maxillary.  Again,  a  part  of  the  primi- 
tive chamber  lined  with  olfactory  epithelium  can  be  cut  off  from  tlie  rest 
and  form  an  accessory  nose,  Jacobson^s  organ,  which  opens  into  the 
mouth  behind  the  premaxillaries  by  *Stenson's  duct'  (fig.  573,  P),  This 
organ  is  best  developed  in  lizards,  monotremes  and  ungulates,  but  often 
occurs  in  a  reduced  condition  in  other  terrestrial  vertebrates. 

In  all  vertebrates  with  the  exception  of  Myxine  and  a  few  forms 
living  in  the  dark  the  eyes  are  composed  of  all  the  principal  con- 
stituents which  occur  in  the  human  eye  and  which  have  already 
been  briefly  described  (p.  131,  fig.  83).  In  most  vertebrates  it  is  a 
nearly  spherical  body  with  the  optic  nerve  entering  it  from  behind, 
with  its  interior  occupied  by  transparent,  refractive  substances 
(lens,  vitreous  body),  and  its  walls  of  three  concentric  layers. 
The  outer  of  these  is  the  tough  protecting  sclera  (sclerotic),  a 
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usually  fibrous^  but  in  many  fishes  a  cartilaginous,  layer,  wbich  in 
front  becomes  transparent  and  strongly  curved,  forming  the  cornea. 
The  second  layer,  the  choroid  coat,  is  richly  yascular  and  pig- 
mented; at  the  boundary  between  sclerotic  and  cornea  it  is  changed 
to  the  iris.  The  inner  layer  is  the  retina,  the  structure  and 
arrangement  of  which  are  characteristic  of  the  Tertebrates. 

From  the  developmental  standpoint  the  retina  (fig.  82)  cod- 
sists  of  two  parts,  the  retina  proper  and  the  tapetuni   nigrum 
(pigmented  epithelium),  formerly  regarded  as  part  of  the  choroid. 
In  the  retina  the  following  layers  are  distinguished:  (1)  the  limi- 
tans  interna;  (2)  nerve-fibre  layer;  (3)  ganglionic  layer;  (4)  inner 
molecular  layer;  (5)  inner  granular  layer;  (6)  outer  molecular 
layer;  (7)  outer  granular  layer;  (8)  limitans  externa;  and  (9)  layer 
of  rods  and  cones.     The  limitans  externa  is  the  bounding  mem- 
brane of  the  embryonic  retina,  which  is  later  penetrated  by  the 
rods  and  cones.     Between  the  two  limiting  membranes  Mullers 
fibres  {m)  extend,  large  supporting  cells  occurring  in  other  sensory 
epithelia,  the  nuclei  of  which  lie  in  the  inner  granular  layer,  and 
which  are  aided  in  their  supporting  function  by  the  fine  horny 
framework  of   both  molecular  layers.       The  nervous  elemenU 
which  are  imbedded  in  this  support  are  best  understood  by  begin- 
ning with  the  optic  nerve.     This  spreads  out  in  the  nerve-fibre 
layer,  and  on  its  way  to  the  end  apparatus  comes  twice  into  relation 
with  ganglion  cells;  first  in  the  ganglionic  layer,  second  in  the 
inner  granular  layer.     Thus  a  great  part  of  the  retina  (layers  1  io 
6)  are  to  be  considered  as  an  optic  ganglion,  such  as  occurs  in 
molluscs  and  arthropods,  but  which  there  lies  outside  the  sensory 
apparatus.     The  sensory  epithelium  (the  retina  in  the  sense  this 
term  is  used  in  invertebrates)  consists  of  but  two   layers,  the 
outer  granular  layer  and  the  rods  and  cones.     The  outer  grannie 
are  the  nuclei  of  the  extremely  slender  epithelial  ceUs  which  bear 
the  rhabdomes  (rods  and  cones)  on  their  peripheral  ends.    Pigment 
cells  are  lacking  between  these  visual  cells,  but  the  pigment  so 
necessary  for  the  visual   function    is    supplied  by  the  tapetnm 
nigrum  already  mentioned.     This  is  a  layer  of  hexagonal  epithelial 
cells  which  lies  on  the  tips  of  the  rhabdomes  and  sends  pseudopodia- 
like  processes  between  them,  and  since  the  tapetum  is  rich  in 
black  pigment  granules,  the  rods  and  cones  are  enveloped  in  a 
close  pigment  mantle. 

Although  in  this  relation  of  pigment  and  in  the  union  of  the 
optic  ganglion  with  the  sensory  cells  important  differences  are  to 
be  noted  from  the  eyes  of  the  invertebrates,  even  of  the  closely 
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similar  cephalopod  eye  (p.  385),  tlie  most  striking  difference  re- 
mains to  be  mentioned.  The  re|;ina,  with  its  limitans  interna  and 
nerye-fibre  layer,  abuts  against  the  yitreous  body;  with  its  rhab- 
domes  and  tapetum  against  the  choroid.  Hence  the  incoming 
light  must  traverse  the  optic  ganglion  and  pass  throngh  the  layer  of 
sense  cells  before  reaching  the  end  organs,  the  rhabdomes.  In 
nearly  all  inyertobrates,  for  example  the  Cephalopoda  (fig.  383), 
thd  light  falls  directly  on  the  peripheral  end  of  the  rhabdome. 
The  rhabdomes  in  cephalopods,  as  in  most  invertebrates,  are 
turned  towards  the  light,  in  the  vertebrates  away  from  it. 

This  peculiar  aud  functionally  purposeless  inversion  of  the  vertebrate 
retina  is  explained  by  the  development  of  the  eye.  This  can  be  divided, 
according  to  origin,  into  two  parts,  a  cerebral  (optic  nerve,  retina,  tape- 
tum) and  a  peripheral  (all  other  parts).  As  the  eye  in  tunicates  and  Am^ 
phioxtis  is  permanently  a  part  of  the  brain,  so  is  the  retina  of  vertebrates 
genetically,  and  of  the  first  cerebral  vesicle.  An  outgrowth  occurs  on 
either  side  (fig.  574,  B)  of  the  'cwixt  braiu  aud  becomes  expanded  distally 


Fia.  574.— Diagram  showing  the  inversion  of  layers  in  the  formation  of  the  retina 
<orig.)«  The  nuclei  are  placed  in  the  (morphologically)  deeper  ends  of  the  cells. 
In  A  the  brain  (/>)  has  been  closed  In  ;  in  H  the  optic  vesicle  (v)  has  reached  the 
lens  (0  and  on  the  right  is  being  converted  into  the  double-walled  optic  cup 
with,  as  shown  in  C\  an  outer  tapetal  (e)  and  an  inner  retinal  layer  (i). 

to  an  optic  vesicle  which  is  connected  with  the  brain  by  an  optic  stalk. 
The  vesicle  extends  out  to  the  periphery  and,  coincidently  with  the  de- 
velopment of  the  lens,  is  folded  into  a  double-walled  optic  cup  with  outer 
or  tapetal,  inner  or  retinal  layers.  If  the  position  of  the  epithelial  cells 
be  followed,  it  will  be  seen  that  the  peripheral  ends  rest  upon  the  tapetum, 
and  when  these  ends  develop  the  rhabdomes,  these  must  grow  into  the 
tapetal  layer. 

In  contrast  to  the  retina,  the  lens  develops  as  an  invagination  from 
the  epithelium  of  the  body  (fig.  574) ;  sclera,  cornea  and  vitreous  body  from 
connective  tissue.  Thus  the  important  part  of  the  eye  arises  from  the 
brain  and  is  later  provided  with  accessory  apparatus  which  arise  from 
peripheral  parts.  The  invertebrate  eye,  on  the  other  hand,  with  all  its 
parts  arises  from  the  skin. 

The  vertebrate  eye  is  furnished  with  secondary  structures:  with  mus- 
cles which  move  it,  with  lids  which  protect  the  cornea  from  injury  and 
drying.  The  lids  are  dermal  folds  which  extend  over  the  eyeball  from 
above  and  below.    To  these  a  third  lid,  the  nictitating  membrane,  may 
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be  added.  It  arises  from  the  inner  angle  of  the  eye,  and  can  extend  over 
the  cornea  beneath  the  upper  and  lower  lids.  A  special  lachrymal  gland, 
which  occurs  at  the  outer  angle  of  the  eye,  provides  the  fluid  to  moisten 
the  cornea,  while  a  second  or  Ilarder^s  gland  occurs  at  the  inner  angle 
when  a  nictitating  membrane  is  present.     Both  are  lacking  in  the  An- 


amnia. 


The  ear,  at  the  level  of  the  mednlla  oblongata^  rivals  the  eye  in 
its  complication  of  structure.     In  development  it  has  one  point  in 

common  with  the  invertebrate 
otocyst — ^it  arises  as  an  ecto- 
dermal pit  which  is  usnaUy 
completely  cut  off  from  its  par- 
ent layer,  and  only  in  elasmo- 
branchs  remains  connected  with 
the  exterior  by  a  tube,  the 
elsewhere  closed  endolymphatic 
duct.  In  the  cyclostomes  it  con- 
sists of  a  single  vesicle  with  a 
single  macula  acustica;  from 
the  fishes  upwards  the  vesicle 
becomes  divided  by  a  constric- 
tion into  an  upper  utricnlus 
and  a  lower  sacculus  (fig.  575), 
the  connecting  utriculosaccular 

Fia.  575.— Diagram  of  mexnbranoas  laby-   duct  being  narrow  in  the  mam- 
rlnth  of  a  flsh.    (From  Wiederaheim.)   ^„-|„        -d^+u    ^4-«;^ni»a   «^J   «-*^ 
aa,  a^  ap,  anterior,  external,  and  poste-   malS.      iJOth  UtnCUlUS  and  sac- 

rior  ampullie;  aw,  superior  utricular   ^„i„„      «^««>;««     «     «>««4-     ^4     4-1*^ 
sinuR;  ca.ce,rp,,airterio^  external,  and   cuius      reCClVe     a     part     01     the 

posterior  semicircular  canals;  CU8, utri-   y^opnla     APnflfiPJi         DiVftrtionla 
culosaccular    canal;    de,    ductus     en-  macuia     acusiiica.       i^ivenicuia 

S?Jfc^Fi^,*^if^Juiter1iuT^  from  the  vesicle  occur,  giving 

cu^slnuXu^'ic^ii^l  nJigin'of  Inl  the  wholc  the  name  of  labyrinth, 
doiymphduct.  From  the  utriculus  arise  three 

semicircular  canals,  connected  at  either  end  with  this  cavity,  each 
swollen  at  one  end  to  an  ampulla,  containing  a  special  nerve 
termination,  the  crista  acustica.  These  canals  stand  at  right 
angles  to  each  other  in  the  three  dimensions  of  space  and  with- 
out doubt  subserve  the  sensation  of  equilibration  (p.  128).  Thev 
are  an  outer  horizontal,  an  anterior  vertical  (nearly  sagittal),  and 
a  posterior  vertical  (nearly  transverse).  The  non-ampullar  ends 
of  the  two  vertical  canals  unite,  a  condition  which  is  understood 
when  it  is  recalled  that  in  cyclostomes  these  canals  alone  are 
present,  and  in  Myxine  form  a  single  canal  with  two  ampullie. 
A  later  formation  is  a  diverticulum  from  the  sacculus,  which 
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appears  even  in  the  fiehes  as  a  small  pocket,  the  lagena,  containing 
a  part  of  the  macala  ocuetica;  in  the  reptiles  and  birds  the  lagena 
'becomes  much  larger,  and  in  the  mammals  is  spirally  coiled  and  is 
known  as  the  cochlea.  A  part  of  the  macula  acustica  of  the  lagena 
develops  into  a  special  nerre-end  apparatus,  the  organ  of  Corti. 

The  membranous  labyrinth  described  above  is  partially  or  en- 
tirely enclosed  in  the  side  wall  of  the  skull  in  the  otic  capsule, 
^vhich  may  ossify  to  the  otic  or  petrosal  bones.  In  the  birds  and 
mammals  the  enclosure  is  such  that  the  structare  is  duplicated  in 
bone,  80  that  the  membranous  labyrinth  lies  in  a  bony  labyrinth. 


_    [>,  cnnalia   reunlenn;     Ct,  tympanic  cavity 

Qett).  capalsi  tenDlnalea  (right):  (J,  perilymph;  De  daotue  endiilymphatlPUB:  Dp, 
Dp;  ductus  perllymphatfcus ;  Kl.  KV,  bony  iKbyrlntli  BnrronndfnB  the  mem. 
branouB  labyrinth.  tbeDerilymph  space  black:  .V.eoncli  of  ear  (left),  mrmbr&ne 
cloalDK  renestra  rotunda  (right):  JUiu,  eitema]  auditory  meatus;  lat,  tympnolo 

inembrsiie:  S,  Baconlug;  SAv.  ear  bones  (represented  a -"  -  "■   ' 

dolyinphutfciiB ;  Sl.Sn.scalietympBnland  veatlbi!"  - "" 
ItB  rntrancB  into  nhMyni:  '.  connexion  betwee 
t,  insertion  ot  ear  bonea  In  fenestra  ovalls ;  t,  uti 

the  two  being  separated  by  lymph  spaces  (fig.  576).  These  spaces 
are  developed  in  the  cochlea  into  two  tubes,  the  scala  tympani  and 
Bcula  restibuli,  the  two  connecting  only  at  the  tip,  being  separated 
elsewhere  in  part  by  the  membranous  cochlea  (the  ductus  cochlcari^ 
or  ecala  media).  The  spaces  of  the  bony  labyrinth  are  filled  by 
two  different  fluids:  inside  the  membranous  labyrinth  an  en- 
ilulymph,  and  between  this  and  the  walls  of  the  bony  labyrinth  a 
perilymph. 
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Accessory  structures  may  be  added  to  this  auditory  apparatus 
proper,  their  purpose  being  to  bring  sound  waves  to  it.  Such 
structures  are  but  occasionally  present  in  fishes  (it  is  not  certain 
that  they  hear),  since  the  sound  waves  are  easily  carried  by  the 
water  to  the  tissues  and  thence  directly  to  the  ears.  On  the  other 
hand,  with  the  change  to  terrestrial  life  such  a  sound-conducting 
apparatus  is  necessary  on  account  of  the  differing  densities  of  the 
air  and  the  tissues.  So  we  find  from  Amphibia  onwards  a  vibrat- 
ing membrane — ^the  tympanic  membrane — ^which  receives  the  soand 
vibrations  from  the  air  and  carries  them  to  a  chain  of  ear  bones 
(ossicula  auditus),  which  in  turn  transmits  them  to  the  inner  ear 
or  labyrinth.  These  structures  are  not  always  functional  (cetacea), 
and  they  may  be  wholly  or  in  part  rudimentary  (urodeles,  snakes, 
AmphisbaBuids). 

To  understand  this  apparatus  it  must  be  recalled  that  the  ear 
lies  between  the  hyoidand  mandibular  arches  in  the  neighborhood 
of  a  canal  which  leads  from  the  surface  to  the  pharynx.  In 
the  fishes  this  canal  is  the  spiracle,  a  reduced  gill  cleft.  In  the 
Anura  and  aqiniotes  it  consists  of  an  air  chamber  closed  exter- 
nally by  the  tympanic  membrane,  stretched  on  a  tympanic  an- 
nulus,  while  the  opening  to  the  pharynx  is  retained.  The 
part  next  the  membrane  becomes  expanded  into  the  tympanic 
cavity,  this  with  the  membrane  forming  the  tympanum  or  drum. 
The  part  connecting  with  the  pharynx  is  usually  narrowed  and  is 
called  the  Eustachian  tube.  The  membranous  labyrinth  lies  in 
the  wall  of  the  tympanic  cavity  and  touches  it  at  one  or  two  points 
where  the  bony  auditory  capsule  is  interrupted,  the  always  present 
fenestra  ovalis,  and  the  fenestra  rotunda,  lacking  in  Amphibia. 

When  it  is  recalled  that  the  mandibular  arch  lies  just  in  front 
of  the  spiracle,  and  the  hyoid  close  behind  it,  it  is  readily  under- 
stood  how   parts   of  these    arches    can 
enter  the  tympanum   and  produce  the 
ear  bones.    In  Anura,  reptiles,  and  birds 
a   columella   has   one  end   attached  to 
the   stape<iial  plate,  which  lies  in  the 
fenestra   ovalis,  while   the   other  is  in- 
serted   in    the    drum     membrane,    the 
whole   convejing  the  waves  across  the 
tympanum   to   the   labyrinth.      In  the 
Pia.  677.— Ear  bones  of  man.     mammals  the  structure  is  different,  since 
incS^:  ^!^!SSfiS-i    i\     the  columella  is  replaced  by  two  bones, 
^^^^^-  the   malleus,  which   is  attached  to  the 

drum    membrane,    and   the   incus,    which    articulates    with  the 
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stapes.  Most  stadents  believe  incus  and  malleus  to  be  parts 
(quadrate  and  articnlare)  of  the  mandibular  arch — a  view  which 
has  its  opponents,  vho  believe  these  to  be  a  divided  columella 
<flg.  577). 

The  tympanic  membrane  is  usually  flush  with  the  surrounding 
skin  or  only  slightly  below  its  level.  In  the  mammals  it  is  pro- 
tected by  being  placed  at  the  bottom  of  a  deep  tube,  the  external 
auditory  meatus.  The  ear  conch,  a  fold  of  skin  supported  by 
cartilage,  is  also  confined  to  the  mammals. 

The  more  important  vegetative  organs  of  the  body  are  enclosed 
in  a  large  body  cavity  or  coelom  beneath  the  vertebral  column. 
This  is,  as  development  shows,  an  outgrowth  from  the  primi- 
tive digestive  tract,  an  enterocoele  (pp.  109  and  158),  lined 
Avith  epithelium.  Since  it  arises,  as  in  other  ccclomato  animals, 
by  paired  outgrowths  from  the  archenteron,  it  follows  that 
at    first   the    two   cavities   must    be    separated   by  a    partition 


PlO.  STS.— Section  of  vertabrate  Id  abdomini 


I  lesloii.    (From  Klnnler.)   o,  dons] 
i,  aigeative  tract;  (.liver;  m,  mesen- 

*■"■..  -  — "-'^■■-I'tQbulej'iml 

which    also    encloses    the    intestinal  tract   (fig.    578).       These 
walls  furnish  the  mesentery  which  supports  the  intestine  in  its 
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whole  length  from  the  vertebral  column,  but  ventral  of  the  diges- 
tive tract  (as  the  mediastinum,  omentum  minus,  and  suspensory 
ligament  of  the  liver  of  human  anatomy)  only  reaches  as  far  back 
as  the  liver,  so  that  right  and  left  coeloms  unite  behind.  Some 
.other  organs  are  also  suspended  in  the  body  cavity  by  membranes: 
the  testes  by  the  mesorchium,  the  ovary  by  the  mesovarium. 

The  body  cavity  is  frequently  called  the  pleuroperitoneal  cavity, 
since  in  mammals  it  is  divided  by  a  partition,  the  diaphragm,  into 
an  anterior  or  pleural  and  a  posterior  or  peritoneal  (abdominal) 
cavity.  The  lining  membranes  of  these  cavities  are  called  pleura 
and  peritoneum  respectively.  The  pericardial  cavity  is  also  a  de- 
rivative of  the  coelom,  and  the  lining,  the  pericardium,  but  a  part 
.  of  the  pleuroperitoneal  membrane.  Hence  it  is  that  in  many 
fishes  (sharks,  sturgeon)  a  communication  persists  between  the 
pericardial  and  the  other  coelom.  In  most  fishes  and  in  many  rep- 
tiles there  is  a  direct  connexion  of  the  coelom  with  the  exterior  by 
one  or  two  pori  abdominales,  beside  or  behind  the  anus. 

The  alimentary  tract  possesses  the  greatest  systematic  interest 
of  the  vegetative  organs,  for  it  not  only  is  concerned  with  diges- 
tion, but  furnishes,  as  in  all  chordates,  the  respiratory  organs  (gills 
and  lungs)  as  well,  these  arising  in  the  non-chordates  from  the 
ectoderm.  It  begins  with  the  anterior  ventral  mouth  and  ends 
ventrally  with  the  anus,  some  distance  in  front  of  the  tip  of  the 
tail;  it  is  almost  wholly  entodermal  in  origin,  there  being  but 
slight  ectodermal  portions  at  either  end. 

The  first  division  is  spacious  and  consists  of  the  ectodermal 
mouth  cavity  and  the  entodermal  pharynx,  two  spaces  which,  in 
most  vertebrates,  are  not  sharply  marked  off,  but  in  alligators  and 
mammals  are  separated  by  the  soft  palate.  Then  begins  the 
narrow  oesophagus,  widening  behind,  to  the  stomach.  From  the 
hinder  or  pyloric  end  of  the  stomach  begins  the  small  intestine, 
which  enlarges  into  the  large  intestine,  separated  from  the  small 
intestine  in  the  higher  vertebrates  by  a  valve  and  one  or  two  Cfeca. 
The  terminal  portion  in  most  vertebrates  is  called  the  cloaca  be- 
cause it  receives  the  urogenital  ducts.  The  liver  is  the  only  gland 
constantly  present;  it  is  a  large  compact  brown  organ,  generally 
provided  with  a  gall  bladder.  Usually  a  smaller  gland,  the 
pancreas,  occurs.  The  ducts  of  the  liver  (bile  duct,  ductus 
choledochus)  and  pancreas  empty  into  the  small  intestine  near  the 
pylorus.  The  mouth  cavity  may  have  salivary  glands  connected 
with  it,  while  the  rectal  region  occasionally  has  blind  sacs  and 
glands. 
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A  striking  vertebrate  characteristic  occnrs  in  the  dentition. 
In  the  cyclostomes  there  are  homy  teeth — strongly  comified  epi- 
thelial products  seated  on  connective-tissue  papillae;  in  the  higher 
groups  occur  true  teeth  of  dentine,  and  enamel,  enclosing  a  richly 
vascular  pulp.  They  occur  in  places  where  the  underlying  skele- 
ton affords  them  a  firm  support,  especially  on  the  upper  or  lower 
jaws,  but  they  may  occur  on  other  bones  of  the  mouth  ami 
pharyngeal  cavities  (roof  of  the  mouth,  gill  arches).  Thoy  have 
apparently  arisen  from  a  diffnse  dentition,  recalling  the  scales  of 
the  skin,  since  many  elasmobranchs  possess,  besides  the  ordinary 
teeth,  rudimentary  teeth  in  mouth  and  pharynx.  Where  teeth  are 
lacking  (birds,  turtles,  baleen  whales)  they  have  been  lost. 

The  respiratory  organs  arise  from  the  pharynx.  lu  the  fishes 
and  some  Amphibia  its  walls,  right  and  left,  are  perforated  by 
gill  clefts,  each  of  Avhich  lies  between  two  successive  visceral  arches 
(fig.  570).  These  are  canals  which  open  internally  into  the 
pharynx,  while  the  outer  gill  openings  are  on  the  outer  surface. 
The  anterior  and  posterior  walls  of  the  clefts  bear  delicate  vascular 
folds  of  mucous  membrane,  the  gill  filaments.  These  are  the  in- 
ternal gills,  in  contrast  to  the  external  gills  of  Amphibian  larvae, 
which  are  dendritic  external  ectodermal  growths  arising  above  and 
between  the  gill  slits  (figs.  4,  5).  It  is  important  for  the  phylogeny 
of  the  vertebrates  to  note  that  reptiles,  birds,  and  mammals,  which 
never  breathe  by  gills,  have  gill  clefts  outlined  and  later  lost  with 
the  exception  of  the  Eustachian  cleft. 

Two  problemaiical  organs,  the  thymus  and  the  lateral  lobes  of  the  thy- 
roid gland,  develop  from  the  epithelium  of  the  gill  clefts.  The  middle 
unpaired  part  of  the  thyroid  has  been  regarded  as  a  modification  of  the 
endostylo  of  the  Tunicata  (p.  506).  The  thyroid,  which  produces  iodine 
com|X)unds,  is  doubtless  very  important;  disease  or  extirpation  of  it 
causes  serious  nervous  disturbances. 

The  lungs  also  arise  from  the  pharynx  as  two  sacs  (one  oc- 
casionally remaining  rudimentary),  which  grow  downwards  and 
backwards.  They  retain  their  opening  into  it  either  directly  or 
by  means  of  a  trachea  or  windpipe,  which  just  before  its  entrance 
into  the  lungs  usually  divides  into  two  bronchi  (figs.  579,  620). 
At  the  opening  into  the  phaiynx  (glottis)  the  supporting  cartilages 
(remnants  of  the  visceral  skeleton,  p.  524)  are  strong  and  form 
the  larynx,  which  in  mammals  may  be  closed  from  the  pharynx 
by  a  valve,  the  epiglottis.  The  lungs  and  trachea  have  their 
counterparts  in  the  fishes  in  the  swim  bladder,  a  hydrostatic 
apparatus,  and  its  duct. 
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The  swim  bladder  of  flslies  and  the  lungK  of  most  amphibia  are  stuootb- 
walted  sacs,  but  in  some  have  greater  respiratory  sartace  since  folds  ei- 
teDd  into  the  nentral  apace.  This  periplieral  folding  increases  in  the  rep- 
tiles at  the  expense  of  the  central  chamber,  this  in  some  being  completelj 
divided  by  the  partitions,  wliich  cxiend  inwanla  from  the  walla  to  the 
bronchus.  In  the  mammals  a  central  chamber  is  lacking;  the  bronchi 
extend  into  the  Inngs,  branching  again  and  again  to  Ihe  Bne  bronchioles 
which  give  off  alveolar  duels  lined  with  minute  air  cells  or  alveoli. 

The  circulatory  apparatus  is  easily  derived  from  that  of  annelids, 
aiid,  like  it,  is  completely  closed.     In  the  annelids  (p.  307,  figs. 
j.^  S72,  275.  270)  above  and  below  the 

i  digestive  truct  is  a  longitudinal  blood- 

vessel, these  being  connected  in  each 
somite  by  loops  wliich  pass  around 
the  intestine.  The  vertebrate  scheme 
varies  in  the  development  of  a  heart 
in  the  ventral  trunk  (the  dorsal  ot 
the  annelid).  In  the  lower  verte- 
brates, the  fishes  (figs.  C5,  597),  the 
heart  lies  close  beliind  the  gills  and 
sends  to  them  the  blood  which  it 
receives  from  the  body.  Hence,  like 
^  the  whole  ventral  trunk,  it  carries 

Eia.6».-Lun™ofm»n.Tent™ivi«w.  ■^e'»«'»^  ''l^^^'  ^ince  the  anterior 
ln™"«^an  Inery^'ft-'^t^heaSi-  ^^ops,  the  gill  arteries,  pass  through 
z!1!!.Vu^i°of  dUpfl™im^I^^:^"?w!  ^^^  ^'^'  ^^^  ^'*''*"'  iTwuk,  wliich 
s.;.  lubes  o(  right  i.nd  ^rt 'lungs."  '  collects  from  these,  must  contain 
oxygenated  blood,  which  is  sent  by  the  carotids  to  the  head,  and 
by  the  dorsal  aoi^a  and  the  vascular  loops  to  the  body.  It  thus 
becomes  venous  and  flows  back  into  the  ventral  trunk. 

This  scheme  of  circulation  in  fishes  needs  further  description. 
The  heart,  a  strong  muscular  organ  enclosed  in  a  pericardium,  con- 
sists of  two  parts,  auricle  and  ventricle,  separated  by  valves.  The 
trunk  (ventral  aorta)  arising  from  the  auricle  is  arterial  and  cor- 
responds to  the  ascending  aorta  and  pulmonary  artery  of  man. 
The  arterial  arches  of  the  gill  region  which  arise  from  it  pass  di- 
rectly into  the  dorsal  vessel  only  in  young  fishes  (fig.  597);  later 
they  furnish  the  branchial  circnlation  of  gill  arteries,  gill  capilhnee, 
and  gill  veins  (fig.  65).  The  dorsal  trunk  is  the  dorsal  aorta 
{aorta  descendens);  the  ventral  trunk,  which  only  occurs  in  the 
embryo,  is  the  sabintestinal  vein,  from  which  the  portal  vein  arises. 
To  this  are  added  a  system  of  paired  veins,  consisting  of  Cuvierian 
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ducts  and  jugular  and  cardinal  veins,  the  latter  with  growth  en- 
croaching more  and  more  into  the  territory  of  the  subintestinal 
vein. 

The  circulation  of  the  fish  type  undergoes  a  great  modification 
with  the  loss  of  gills  and  the  appearance  of  pulmonary  respiration. 
Gills  and  gill  capillaries  disappear,  and  the  branchial  circulation  is 
reduced  to  arterial  arches  leading  direct  from  the  ventral  to  the 
dorsal  aorta.  The  swim  bladder  received  its  blood  from  the  body 
(systemic)  circulation,  but  with  the  functioning  of  the  lungs  pul- 
monary arteries  and  veins  come  into  existence,  while  the  arterial 
arches  in  part  disappear,  in  part  are  divided  between  the  pulmonary 
I  II  III  IV 


Fxo.  580  — Diafrram  of  modiflcatton  of  artprial  arches  id  various  vertebrato  classes.    White, 
▼easels  which  dei^enei-ate;  cross-lined,  vessels  coDtaiuInf?  arterial  blood:  black,  vessels 


containixig  venous  blood.     /,   Dipnoi;  i/,  Urodeles  with  pulmoDHry  ref:piration ;  i//, 

Is  the  left  instead  of  the  risbt 
▼enous  aorta  of  reptiles:  no',  arterial  aorta;  a«^  arterial  trunk ;  a,  />.  arches  which 


Reptiles:  ll\  Birds  (in  aiammals  the  left  instead  of  the  risht  aortic  arch  persists).    ao>. 


usually  di'fappear:  ad.  dorsal  aorta:  d  H.  ductus  Botalli;   fc,  gill  capillaries;  pii,  pul> 
monaiy  arterj;  i-^,  persistent  arterial  arches. 

and  systemic  circulations  (fig.  580).  Of  the  six  arches  which 
usually  appear  in  the  embryo,  the  first  and  second,  and  the  fifth 
in  animals  with  lungs,  usually  disappear.  The  last  arch  {4),  which 
even  in  the  Dipnoi  supplies  the  swim  bladder,  becomes  a  pulmonary 
artery,  the  other  arches  {1  and  2)  furnish  the  systemic  portions, 
the  dorsal  aorta  {2)  and  the  carotids  supplying  the  head  (7). 
Since  special  pulmonary  veins,  distinct  from  the  systemic  circula- 
tion, carry  the  blood  from  the  lungs  to  the  heart,  the  heart  be- 
comes divided  by  a  septum  which  separates  it  into  right  and  left 
halve3.  The  right  half  retains  the  venous  character  of  the  fish 
heart;  since  the  right  auricle  receives  the  systemic  veins,  the  right 
ventricle  gives  off  the  pulmonary  artery.  The  left  half  is  purely 
arterial,  receiving  arterial  blood  by  the  left  auricle  from  the  lungs 
and  sending  it  out  through  the  aorta  ascendens  to  the  body.  A 
complete  separation  of  pulmonary  and  systemic  circulation,  and  a 
corresponding  division  of  the  heart,  occurs  only  in  birds  and  mam- 
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mals.  Beptiles  aud  amphibia  show  how  the  modification  has  been 
accomplished.  In  these  the  separation  begins  in  the  venous  sys- 
tem and  extends  to  the  aaricle,  in  the  reptiles  the  septum  arises  in 
the  ventricle.  In  the  arterial  system  remnants  may  persist,  such 
as  a  connexion  (ductus  Botalli)  of  the  pulmonalis  with  the  aorta 
(//,  (1.  B),  or  an  aortic  arch  may  arise  with  the  pulmonalis  from 
the  right  side  of  the  heart  (///,  ao). 

Besides  blood-vessels,  lymph  vessels  occur  in  the  vertebrates  as  com- 
plements of  the  venous  system.  The  fluids  which  collect  in  the  spaces  of 
the  connective  tissue  are  taken  by  them  and  carried  into  the  large  venous 
trunks.  Usually  the  action  of  the  heart  and  the  movements  of  the  body 
are  sufficient  to  cause  the  flow  of  this  lymph,  but  special  lymph  hearts 
may  occur.  The  lymph  vessels  distributed  to  the  digestive  tract  play  an 
important  rdle,  since  they  serve  in  the  resorbtion  of  digested  food.  They 
are  called  chyle  ducts  because  their  contents,  the  chyle,  rendered  white 
by  oil  globules  at  the  time  of  digestion,  distinguishes  them  from  other 
lymphatics.  The  most  important  features  of  lymph  and  blood  have 
already  been  noticed  (p.  88).  In  special  places  small  bodies,  the  lymph 
glands,  are  inserted  in  the  course  of  the  lymph  vessels,  in  which  lymph 
corpuscles  arise.  Among  these  from  its  structure  is  to  be  enumerated  the 
spleen,  colored  bright  red  by  its  rich  blood  supply. 

The  sexual  and  excretory  organs  are  so  closely  associated  that 
they  are  generally  united  as  the  urogenital  system.  The  sexual 
products  are  formed  in  the  embryo  from  a  special  region  of  the 
peritoneal  epithelium  on  either  side  of  the  vertebral  column. 
These  primordial  cells  early  leave  their  primitive  position,  and  sink 
into  the  underlying  connective  tissue  (fig.  33),  forming  in  the 
male  glandular  tubes,  in  the  female  cords  which  break  up  into 
numbers  of  round  follicles,  each  containing  a  single  larger  cell,  the 
ovum.  In  the  male  the  gonads  thus  formed  are  compact  and  fre- 
quently oval,  the  testes;  in  the  female  they  are  looser  and  follic- 
ular ovaries. 

The  deposition  of  the  sexual  cells  occurs  in  many  fishes  by  way 
of  the  body  cavity  and  the  abdominal  pores,  and  in  this  case  a  part 
of  the  coelom  may  be  cut  off  as  a  special  vas  deferens  or  oviduct. 
In  most  vertebrates  the  ducts  are  formed  from  a  part  of  the 
nephridial  system.  Embryology  shows  that  there  are  three  ynda 
of  nephridia  in  vertebrates:  (1)  the  pronephros,  or  head  kidney; 
(2)  mesonephros,  or  Wolffian  body;  (3)  metanephros,  or  kidney 
proper,  with  the  corresponding  pronephric,  mesonephric  (Wolf- 
fian), and  metanephric  (uretei)  ducts.  The  first  two  of  these 
ducts  are  genetically  connected,  since  the  development  of  the 
elasmobranchs  shows  that  the  pronephric  duct,  by  splitting,  gives 
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rise  to  two  canals,  tho  Wolffian  (mesonGphric),  and  the  Mulleriati 
4iucts,  the  latter  retaining  its  relation  to  the  pronephros. 

Tho  pronepliroH  is  usually  functional  only  in  embryonic  life 
and  then  only  in  eurly  stages,  possibly  in  some  cnses  not  at  all. 
Its  relations  to  the   other  parts  are   yet  in   question.     In    most 


IS  uruKHiiiuil  Rjisteni  baat'il  nn  TrUnn.  (Frnm  Wtedera- 
A.  male:  B.  female,  a.  excretnry  ductal  iin.  Keiuiil  part 
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ontla  (rudlmenury  In  B). 

teleosts  the  mesonephros  is  equally  developed  in  nearly  the  whole 
length  of  the  body  cavity,  but  in  the  Amphibia  (fig.  581)  and 
many  elasmobranchs  its  anterior  part  is  smaller  than  the  rest,  a 
condition  which  has  its  explanation  in  its  relations  to  the  sexual 
-fipparatuB. 
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In  the  males  (excepting  many  fishes)  the  testes  become  con- 
nected with  the  anterior  end  of  the  Wolffian  body  (fig.  581,  A)y 
so  that  the  urinary  tubules  of  the  latter  come  to  be  seminal  ducts, 
while  the  hinder  portion  remains  excretory,  this  condition  being 
permanent  in  the  Amphibia.  In  the  amniotes  the  anterior  meso- 
nephros  retains  its  connexion  with  the  testes,  forming  the  vasa 
efferentia,  while  the  Wolffian  duct  forms  the  vas  deferens,  a  por- 
tion of  it  greatly  coiled  being  the  epididymis.  The  remainder 
of  the  Wolffian  body  degenerates,  a  portion  only  persisting  as  the 
paradidymis. 

In  the  females  (fig.  581,  B)  the  mesonephros  is  smaller  in  front, 
as  in  the  males,  but  the  connexion  of  this  with  the  ovary  does  not 
exist,  so  here  the  Wolffian  duct  is  solely  excretory,  and  not,  as  in 
the  males,  excretory  and  seminal  duct.  In  the  female  amniotes 
the  Wolffian  body  almost  entirely  disappears,  for  in  both  sexes  of 
the  reptiles,  birds,  and  mammals  the  metanephros  or  kidney  proper 
is  a  new  formation,  growing  forwards  from  the  posterior  end  of 
the  Wolffian  duct.  In  the  females  of  elasmobranchs.  Amphibia, 
and  Amniotes  the  Miillerian  duct  serves  as  an  oviduct,  its  anterior 
end  opening  by  the  ostium  tuba?  into  the  abdominal  cavity  and 
receiving  the  eggs  as  they  escape  from  the  ovary.  In  the  male  the 
Miillerian  duct  disappears  early. 

The  union  of  sexnal  and  excretory  organs  to  a  urogenital  system  arises 
from  the  same  relations  as  in  the  annelids;  both  organs  arise  from  the 
coelomic  epiihelinm  and  have  temporary  or  permanent  connexion  with  the 
body  cavity.  This  has  already  been  described  for  the  gonads.  The 
urinary  tubules  of  both  pro-  and  mesonephros  are  derivatives  of  the  coelomic 
epithelium  and  possess  an  arrangement  recalling  that  of  the  annelids  in 
a  striking  manner.  As  is  shown  (fig.  70)  in  the  scheme  of  the  embryo 
selachian,  the  nephridial  system  consists  of  numerous  canals,  segmentally 
arranged,  connected  by  funnels  (nephrostomes)  with  the  body  cavity; 
and  differs  from  the  segmental  organs  of  the  annelids  in  that  they  do  not 
open  singly  to  the  exterior,  but  by  a  common  duct.  They  also  differ  in 
their  further  development  by  increasing  greatly  in  number  and  forming 
a  compact  organ,  and,  finally,  by  the  formation  in  a  certain  part  of  a 
network  of  blood-vessels,  the  glomerulus,  which  pushes  into  the  lumen  of 
the  tube. 

The  ducts  of  the  urogenital  system  open  behind  the  anus  in 
most  fishes  on  a  urogenital  papilla;  in  the  elasmobranchs,  amphib- 
ians, birds,  and  most  reptiles  dorsally  into  the  hinder  part  of 
the  digestive  tract,  which  thus  becomes  a  cloaca.  In  turtles  and 
mammals  the  urogenital  canal  opens  into  the  urinary  bladder,  a 
ventral  diverticulum  of  the  rectum  which  first  appears  in  the 
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Amphibia.  Urinary  and  sexual  ducts  then  either  open  into  the^ 
urogenital  sinus,  the  lowest  part  of  the  bladder  leading  to  the 
cloaca  (turtles,  monotremes),  or  this  part  receives  only  the  geni- 
tal ducts,  while  the  ureters  enter  the  base  of  the  bladder.  The 
urogenital  sinns  remains  in  connexion  with  the  cloaca  in  the 
turtles  and  monotremes;  in  the  other  mammals  a  cloaca  occurs 
only  in  embryonic  life.  Later,  by  formation  of  the  perineum,  the 
cloaca  is  divided  into  a  hinder  digestive  and  an  anterior  urogenital 
canal.  Step  by  step  the  stages  may  be  followed  from  urogenital 
ducts  opening  behind  to  those  opening  in  front  of  the  anus. 

Asexual  and  parthenogenetic  reproduction  are  unknown  in  the 
vertebrates.  The  impregnation  of  the  eggs  in  the  lower  groups 
is  usually  external  and  occurs  during  oviposition;  in  the  higher 
internal  copulation  is  effected  by  opposition  of  the  genital  ori- 
fices or  by  the  development  of  an  intromittent  organ,  the  penis. 
The  fertilized  (igg  can  undergo  a  part  or  the  whole  of  its  devel- 
opment in  specialized  parts  of  the  oviduct  (uterus).  Accordingly 
viviparous  and  oviparous  forms  are  distinguished,  and  between 
these  extremes  those  that  are  ovoviviparous  {cf.  p.  161).  Most 
elasmobranchs  are  viviparous,  but  many  are  oviparous.  In  the 
teleosts  oviparous  forms  predominate,  but  there  are  viviparous 
exceptions.  So,  too,  among  the  reptiles  and  Amphibia  there  are 
some  viviparous  species  among  the  egg-laying  majority.  The 
birds  and  mammals  are  most  constant,  the  first  being  exclusively 
ovoviviparous,  while  all  the  mammals  bring  forth  living  young 
with  the  exception  of  the  ovoviviparous  monotremes. 

Three  embryonal  appendages  may  occur  in  the  development, 
the  yolk  sac,  the  amnion,  and  the  allantois.  The  yolk  sac  is  small 
in  those  vertebrates  which  have  some  yolk,  but  not  enough  to 
cause  meroblastic  segmentation  (Amphibia),  yet  it  is  everywhere 
present  and  is  best  developed  in  those  groups  (fishes,  fig.  582, 
reptiles  and  birds)  with  discoidal  segmentation,  and  is  the  result 
of  the  accumulation  of  food  material  in  the  digestive  tract,  which 
forces  out  its  ventral  wall  like  a  hernia.  Its  presence  in  the  mam- 
mals, which  have  small  eggs  lacking  in  yolk,  is  an  indication  that 
these  have  descended  from  large-yolked  forms,  such  as  the  mono- 
tremes yet  are.  The  embryo  either  lies  directly  on  the  yolk  or  i» 
connected  with  it  by  a  yolk  stalk. 

While  the  yolk  sac  is  widely  distributed,  the  amnion  and  allan- 
tois are  restricted  to  reptiles,  birds,  and  mammals,  which  are  con- 
sequently spoken  of  as  Amniota  or  Allantoidea,  in  contrast  to  the 
fishes  and  Amphibia,  which  are  frequently  called  Anamnia  or  Anal- 
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lantoidea,  from  the  abBenco  of  these  Btrnctares.  The  amnion  is  a 
aac  which  envelops  the  whole  embryo  and  is  connected  with  the 
rest  only  at  the  umbilicus,  that  is,  the  point  where  the  yolk  sac 
projects  from  the  ventml  wall.     In  this  sac  ie  au  albiimiDong 


hii.  ventral  wall  ol  embryo:  i 
villi. 


extro-embrronlc  c 


Amniotic  fluid.  The  amnion  is  genetically  a  part  of  the  ventral 
surface;  it  develops  ventrally  as  folds — lateral,  anterior,  and  pos- 
terior— which  grow  up  over  the  back  on  all  sides  and  unite  above 
the  embryo. 

The  allantois  is  an  enlargement  of  the  nrinary  bladder.  This 
^ows  out  from  the  body  cavity  at  the  umbilicus  and  extends  be- 
tween yolk  sac  anil  amnion  and  then  grows  in  all  directions  until 
its  folds  meet  obove  the  back.  The  part  of  the  allantois  which  re- 
ceives the  urine  may  be  enlarged  or  not.  The  rest  of  the  out- 
growth consiata  of  blood-vessels  and  connective  tissue.  The  blood- 
vessels are  the  moat  important,  for  the  allantois  forms  the  respira- 
tory apparatus  of  the  embryo,  and  in  the  mammals  it  develops  the 
placenta,  by  which  nourishment  as  well  is  conveyed  to  the  young. 
Yolk  sac,  amnion,  and  allantois  are  enveloped  in  a  common  coat, 
the  serosa. 

Aristotle  and  his  followers  recognized  four  divisiotis  of  vertebrates,  atitl 
these  were  retaine*!  by  Linn6  and  Olivier  under  the  names  Pisces,  Reptilia 
or  Amphibia,  Aves,  and  MamniHliiL.  Blainvjile  (1S18)  divided  Ilic  second 
of  these  hito  two  classes,  retaining  the  name  Replilia  for  the  one,  AmphibUt 
for  tlie  other.     Mtloe  E^lvard^  showed  ttiat  this  division  corresponded 
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"With  one  between  the  higher  and  lower  groups,  the  amniote  and  the  anam- 
niote  divisions.  Later  Haeckel  divided  the  fishes,  separating  the  Cyclo- 
stomes  from  the  others  as  a  distinct  class,  while  Huxley  pointed  out  the 
-close  resemblances  between  the  reptiles  and  birds,  grouping  them  as 
^Sauropsida.  Another  division  of  convenience  but  not  of  much  systematic 
importance  contrasts  the  fishes  with  all  other  forms,  the  Tetrapoda,  so 
called  from  the  possession  of  legs  rather  than  fins. 

Series  I.  Ichthyopsida  (Anamnia,  Anallantoida). 

Vertebrates  respiring  for  a  time  or  throughout  life  by  means 
of  gills  ;  neither  amnion  nor  allantois  present  in  the  embryo. 

Class  I.  Cyclostomata  (Marsipobranchii,  Agnatha). 

The  class  of  Cyclostomes  contains  but  few  species,  among 
which  the  lamprey  eels  and  the  slime  or  hag  fishes  are  best  known. 
In  shape  they  are  eel-like.  They  are  distinctly  vertebrate  in  the 
possession  of  largo  liver  and  nephridia;  of  a  muscular  heart  with 
auricle  and  ventricle,  lying  in  a  pericardium;  olfactory  lobes, 
epiphysis  and  hypophysis,  and  the  higher  sense  organs.  In  the 
brain,  cerebrum  and  cerebellum  are  not  so  prominent  as  are  the 
optic  lobes  and  medulla.  The  inner  ear  is  not  divided  into  utric- 
ulus  and  sacculus,  and  it  has  but  one  or  two  semicircular  canals, 
but  always  two  ampullae.  The  skin  (fig.  26)  consists  of  derma 
and  a  stratified  epidermis. 

The  cyclostomes  are  distinguished  from  the  true  fishes  by  the 
lack  of  a  vertebral  column.  The  axial  skeleton  of  the  trunk  consists 
either  of  the  notochord  alone  or  of  it  and  small  neural  arches.  A 
cranium  and  a  basket-like  gill  skeleton  are  present,  but  so  different 
are  these  from  those  of  other  vertebrates  that  homologies  are  dif- 
ficult. The  absence  of  paired  fins  is  important.  Since  the  median 
fins  are  supported  by  horny  threads  alone,  the  cartilaginous  appen- 
dicular skeleton — alone  of  importance — is  entirely  wanting.  Then 
the  skin  lacks  scales,  and  the  mouth  true  dentine  teeth,  for  the 
pointed  brown  teeth  arranged  in  circles  in  tlie  mouth  of  the  lam- 
prey (fig.  584),  and  the  fewer  teeth  of  the  myxinoids,  are  purely 
epidermal  products  and  cannot  be  compared  with  the  teeth  of 
other  vertebrates.  Other  important  differences  have  given  rise  to 
names  applied  to  the  group. 

The  name  C^-clostomata  refers  to  the  circular  mouth,  an  ex- 
ternal feature,  which,  however,  rests  on  the  important  fact  that 
the  jaws  are  absent  or  extremely  rudimentary,  and  do  not  close  on 
each  other  as  do  the  jaws  of  other  vertebrates.  This  cydostomo 
condition  is  of  value  to  the  animals,  as  it  aids  them  in  sucking  on 
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to  other  animals.  At  the  base  of  the  dome-like  mouth  cavity  is 
(he  Bo-ctilled  tongue,  which  is  the  sucking  apparatus,  since  it  caii  V 
drawn  backwards  like  a  piston  (fig.  584). 

The  name  Marsipobranchs  has  been  given  on  account  of  tlii- 
form  of  the  gills,  which  are  usually  six  or  seven  in  number,  hut  in 
Bdethslowa  may  be  twelve  or  fourteen  on  either  side.  Each  gill 
cleft  cousists  of  three  parts,  the  gill  sac(marsupium),  which  alone 
contains  gills,  and  the  afferent  and  efferent  ducts  (fig,  585).  The.si- 
canals  arise  separately,  and  may  continue  so  (Sdelhu/omn),  but  in 
Petromyzon  the  afferent  ducts  unite  to  a  single  tube  which  open? 
ventrally  in  the  pharynx.  In  Mjxiiie  (fig.  585)  the  conditions  an' 
reversed,  the  efferent  canals  uniting  to  empty  through  a  single 
external  opening. 

A  third  name,  Monorhina,  has  been  given,  since  these  form^. 
in  contrast  to  all  other  vertebrates,  have  an  unpaired  olfactHrv 
orgsn.     The  single  nostril,  lying  in  the  mid  line  of  the  head. 


FlQ.  S8<. 

FI0.5R4.— Mouth 'if  />(i-pniF«nnniorinu«»lthhoniTtMt 

Fio.  Mn.-Uillapparaiusof  WM.T.*.;lu((n<«n.    (AflorJ.  MUller)      , 

BDd  gllL  arch:  br.  eIII  !4irlilie  lines  sbon  ibegilld:  I>r'.  eBfrna  cannl:  f.  (nbpliapu 
cutRDeiis  duct;  il.  gltin  turned  itvu;;  i,  aSi^reiit  k'U  canal:  t,  (eaopluKUS:  t.  mouili 
ol  atrium;  r.  leutricle  of  bean. 

opens  into  a  nasal  sac,  from  the  bottom  of  which  a  canal  descends 
towards  the  roof  of  the  mouth,  ending  blindly  in  Petromyzoiitcs 
(Hyperoartia),  or  penetrating  it  in  the  Myzontes  (Hyperotreiia), 
so  that  an  inner  nasal  opening  (choaua)  occurs.  A  paired  olfac- 
tory nerve  supplies  the  organ. 

Sub  Class  I.  Myzontes  (Hyperotreiia). 
Semi  parasitic  cyclostoines  with  cirri  around  the  mouth,  very  primitiTc 
nephridia,  right  and  left  rows  ot  slime  sacs,  eyes  rudimentary  (k^s,  sclera, 
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and  choroid  Inching).  From  tlie  Urge  amount  of  mucus  Ihuy  are  known 
as  slime  eels.  They  bore  iiUo  fishes  iitiiJ  eiit  the  flesh.  Myxine"  on  the 
cist  coast,  Sdellostoma*  {HilisCutrema)  on  the  west. 

Sut  Class  II.  Petromi/zontfs  {/Ii/peroartia). 

Several  Ameriemi  species  of  Iami)re)-s,  nil  bolougitig  to  Fetrtnnyeon* 
<wirh  sub  genera),  have  well -developed  dorsal  fins,  and  seven  branchinl 
openings.     They  occur  in  salt  and   fresh  water,  some  uarine  species 


FiQ.  SfU.—relromyion  morinun,'  sou  lumpre; .    (After  Uoodo.) 

ascending  sirearas  to  lay  their  eggs.  The  young  pass  through  a  larval 
(Ammo(.-ce1<!Pj  stiige  wirh  rudimeninry  eyes  .ind  slit-like  mouth.  Many  of 
the  species  live  ou  tlie  mucus  and  blood  which  liiey  nisp  fmni  fishes. 

Here  may  be  mentioned  a  group  of  fossils,  the  OSTK.ACODERMI,  of 
uncertain  position.  They  have  fish-like  bo<)ies,  but  no  skeli'toiior  jawsavo 
known.  They  flourished  in  paleozoic  seas.  Pteraspis,  Cephalaspis. 
Pteriehthys. 

Class  II.  Pisces  (Fishes). 

The  term  fish  is  used  in  a  wider  and  a  narrower  sense.  In  the 
first  it  includes  any  nqnatic  vertebrate  swimming  by  means  of  fins 
and  breathing  by  gills;  in  the  more  strict  sense,  as  nsod  here,  it 
means  aquatic  branchiate  forma  with  vertebral  column,  cranium, 
and  well-developed  visceral  skeleton;  with  paired  as  well  as 
unpaired  fins,  these  supported  by  a  cartilaginous  or  bony  skeleton 
in  addition  to  horny  rays;  with  double  nasal  pits;  with  a  skin  and 
■  oral  mncous  membrane  which  can  produce  ossifications,  the  scales 
and  teeth.  The  cyclostomes  are  thus  excluded.  The  fishes  are 
the  best  adapted  oC  all  vertebrates  for  an  aquatic  life,  and  their 
whole  organization  must  therefore  be  considered  from  this  stand- 
point. 

The  epidermis  consists  of  numerous  layers  of  protoplasmic  cells 
with  an  extremely  thin  external  cuticle.  Comifieations  of  this 
epidermis  are  lacking  under  ordinary  conditions,  with  the  exccp- 
,tion  of  a  thin  portion  of  the  external  subcnticnlar  layer.  At  the 
time  of  sexual  maturity  comifieations  increase  greatly  in  most 
■Cyprinoids  and  many  Salmonids,  producing  hard  bodies  in  the  skin. 
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the  '  pearl  organs,'  Enormous  numbera  oC  large  slime  cells  give 
the  fishes  their  well-known  slippety  skins.  Siuco  the  epidermic 
contributes  nothing  to  the  firmness  of  the  bodj'  walls,  all  protective 
striictnres  arise  from  the  derma,  whioli  is  composed  of  many  layers 
of  dense  connective  tissue  and  furnishes  the  characteristic  dermal 
skeleton,  the  scales.  These  lie  at  the  boundary  of  epidermis  ami 
derma,  commonly  imbedded  in  pockets  of  the  latter,  and  arc.  on 
account  of  their  different  structure,  of  systemalic  value,  although 
the  classification  based  entirely  upon  them  is  no  longer  retaint-d. 
The  placoid  scales  (fig,  5o4,  587.  Ji)  have  already  been  men- 
tioued,  because  they  form  the 
starting  point  for  dermal  ossifica- 
tioDs  and  teeth  (p.  515).  They 
are  rhombic  bony  plates,  usually 
close  together  like  a  mosaic,  but 
uot  overlapping.  In  the  centre 
of  eaeJi  is  n  spine,  <Iirccte<l  back- 
wards, in  which  is  a  pulp  cavity, 
while  the  tip  of  the  spine  is  cov- 
ered with  a  cap  of  hard  aubstaoce, 
variously  culled  enamel  or  vitro- 
deutiue. 

The  ganoid  scales  (fig.  oS7, 
J)  are  usually  rhomboid  and 
arranged  like  parquetry.  In  the 
early  stages  they  may  bear  teeth. 
The  outer  surface  is  always  covereil 
with  a  thick  layer  of  'ganoin,' which  gives,  even  in  fossils,  an 
iridescent  effect,  a  most  characteristic  feature.  The  gauoiu  is  no 
longer  regarded  as  enamel,  but  tho  nioji  superficial  layer  of  dentine 
(vitrodcntiue). 

Cycloid  and  ctenoid  scales  are  closely  related.  They  are  always 
more  loosely  i)laced  in  the  packets,  from  which  they  are  easily  with- 
drawn as  in  '  scaling '  a  fish.  Tliey  are  arranged  in  oblique,  trans- 
verse, and  longitudinal  rows,  and  overlap  Hko  shingles,  one  scale 
covering  the  parts  of  two  scales  behind.  The  cycloid  scales  (fig. 
5S7,  J)  are  approximately  circular  with  a  middle  point,  surrounded 
by  concentric  lines,  from  which  go  radiating  lines.  The  ctenoid 
scale  (^)  has  the  radial  and  concentric  lines  of  the  cycloid,  but  has 
the  hinder  edge  truncate  and  the  free  portion  bearing  small  spines 
or  teeth,  processes  of  the  concentric  ridges. 

Besides  these   types  of  scales  many  fishes  bear    considerable 


ututmld;  J.  Kiinuld;  i,  pincold. 

but  these  arc  lost  in  the  adnlt. 
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spines  (strongly  developed  single  scales)  and  larger  bony  plates, 
t'lese  last  usually  resulting  from  the  fusion  of  numerous  scales. 

The  coloration  of  Hshes  is  threefold  in  origin.  The  silvery  lustre  is 
due  to  crystals  of  guanin  which  occur  not  only  in  the  skin  but  in  the  peri- 
toneum and  pericardial  walls.  In  some  fishes  from  their  iridescence 
(Alburnus  lucidiis)  these  crystals  become  of  commercial  value.  Thoy  are 
freed  from  the  skin  by  boiling  with  ammonia  and,  suspended  in  the  fluid, 
form  the  important  part  of  essence  of  pearl  (essence  d'orient)  which  is 
used  in  making  artificial  pearls,  being  cither  applied  to  the  oulside  of  ala- 
baster balls  (Roman  pearls)  or  as  a  coating  to  the  inside  of  glass  beads 
(Paris  pearls).  The  other  colors  of  fishes  are  due  in  part  to  the  numerous 
strongly  pigmented  fat  cells,  in  part  to  *  chromatophores '  in  the  derma, 
which,  under  control  of  the  nervous  system,  can  alter  their  form  and 
extent  and  thus  produce  color  changes  in  the  fish.  It  is  by  means  of 
these  cbromatophores  that  fishes  adapt  themselves  to  their  surroundings. 
It  is  of  interest  to  note  that  destruction  of  the  eyes  results  in  loss  of  power 
to  change  color. 

The  axial  skeleton  shows  many  conditions  which  are  unknown 
outside  the  class,  and  varies  in  character  from  group  to  group,  the 
most  important  differences  consisting  in  its  cartilaginous  or  bony 
character.  The  vertebrae  are  nearly  always  amphicoelous,  the 
notochord  persisting  in  the  cavities  between  the  successive  centra 
(fig.  657).  Neural  and  haemal  arches  occur,  these  having  as  key- 
stones the  unpaired  spinous  processes.  The  neural  arches  extend 
throughout  the  columns;  the  haemal  are  complete  only  in  the  tail; 
in  the  trunk  the  haemal  spines  are  absent  and  the  haemal  processes, 
divided  into  basal  processes  and  ribs,  surround  the  viscera.^  A 
sternum  is  everywhere  lacking.  When  ossification  is  lacking  or 
is  incomplete,  two  pairs  of  arches  may  occur  in  each  segment,  the 
anterior  being  the  stronger  and  alone  persisting  in  fishes  with  ossi- 
fied vertebrae ;  the  second  is  much  smaller,  so  that  its  elements  are 
not  called  arches,  but  intercalaria  (figs.  556,  588). 

The  great  number  of  visceral  arches,  and  their  independence 
from  the  cranium,  are  characteristic  of  fishes.  After  removal  of 
these  the  cranium  in  all  cartilaginous  fishes  is  very  simple  (^fig, 
588),  but  in  the  teleosts,  with  the  appearance  of  ossification,  be- 
comes very  complicated,  since  the  bones  are  very  numerous  and 
are  not,  as  in  mammals,  in  part  fused  to  larger  bones.  There  are 
also  great  differences  between  the  different  families  of  fishes,  some 
having  bones  which  are  lacking  in  others  (figs.  5G0,  589).  The 
large  membrane  bones  of  the  cranial  roof  (parietals,  /?,  frontals,  /, 
and  nasals,  na)  and  the  large  ventral  parasphenoid  (ps)  are 
especially  constant.     The  vomer  in  front  of  the  parasphenoid  is 
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unpaired,  wliile  in  all  other  vertebratcB  it  ia  paired.  Most  con- 
fitant  of  the  cartilage  bones  are  the  ethmoids  (the  paired  ecteth- 
moida,  ce,  and  the  sometimes  paired  mesethmoid),  and  the  four 
occipitals.  On  the  other  liand  the  otic  and  optic  regions  vary 
considerably;  the  otic  region,  from  its  great  size,  has  several  bones, 
usually   (fig,    580)   five    in   number:   pterotic,  plo,    often  called 
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squamosal;  spheuotic,  spho,  frequently  called  postfrontal;  epiotic, 
epo;  prootic,  pro;  and  opisthottc,  oo,  the  last  sometimes  lacking. 
In  the  region  of  the  eye  the  cartilaginous  sphenoids  are  rarely 
■well  developed,  the  large  parasphenoid  taking  their  place.  The 
name  is  true  of  the  ali-  and  orbitoephenoids,  these  sometimes  form- 
ing ail  interorbital  septum  (fig,  560)  or  a. more  or  less  wide  in* 
terorbital  fenestra  (fig.  589}. 

The  character  of  the  visceral  skeleton  is  related  to  the  aquatic 
life.  All  fishes  have  numerous  gill  arches  (fivo  to  seven,  mostly 
five),  which,  since  their  function — gill  supporting — is  similar,  are 
similar  in  structure.  So  far  as  they  are  not  degenerate  they  con- 
sist each  of  four  parts  aud  are  connected  by  unpaired  copulae,  these 
often  being  fused.  The  upper  ends  are  frequently  toothed  and, 
in  chewing,  are  opposed  by  the  rudimentary  last  arch,  oa  which 
account  these  are  spoken  of  as  the  superior  and  inferior  pharyngeal 
hones.  The  anterior  visceral  arches  are  greatly  different  in  car- 
tilaginous and  bony  fishes.  In  the  former  (fig.  588)  the  pterygo- 
qaadrate  {pij)  and  the  Meckelian  cartilage  b^r  teeth  and  oppose 
«ach  other  in  biting.     In  the  bony  fishes  (fig.  589)  the  teeth  of 
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the  lower  jaw  oppoce  the  tooth-bearing  elements,  premftsillary 
and  maxillarj,  of  the  maxillary  seriea,  while  the  ptery  go  quadrate 
elementa^the  palatine  and  the  Ecries  of  pterygoids— are  the  an- 
tagoniets  of  the  hyoid. 

A  second  characteristic  of  the  bony  fishes  is  already  outlined  in 
the  cartilaginous  fishes:  the  modification  of  the  byomandibular  to 
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a  EUBpensor  of  the  jaws.  In  the  elasmobrancha  (especially  the 
akatee)  the  parallelism  of  hyoid  and  mandibular  arches  is  lost,  the 
hyomandibular  separating  from  the  byoid  and  attaching  itself  to 
the  hinge  of  the  jaws.  In  the  teleosts  the  hyomandibular  is  thus 
brought  in  connexion  with  the  quadrate,  and  lies  between  it  and 
the  cranium,  the  joint  being  thus  indirectly  supported  from  the 
cranium,  a  bone,  the  symplectic  (known  only  in  fishes)  helping 
out  the  Buspensor,  while  another  bone,  the  interhyal,  connects  this 
with  the  hyoid,  which  itself  divides  into  two,  so  that  the  hyoid 
arch,  like  a  gill  arch,  consists  of  four  elements. 
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The  opercular  apparatus  does  not  occur  in  all  fishes.  It  is  a 
number  of  bony  plates  and  processes  which  arise  from  the  hyoid 
arch  and  extend  backwards  over  the  gills,  protecting  them.  It 
arises  in  part  (opercular  bones — 0,  Pro,  So^  lo,  fig.  589)  from 
the  hyomandibular,  in  part  (branchostegal  rays)  from  the  hyoid 
bone.  The  significance  of  this  apparatus  will  be  spoken  of  in  con- 
nexion with  the  gills;  it  gives  the  fish  head  a  definite  character, 
but  covers  its  structure^  on  which  account  it,  like  the  infraorbital 
ring,  is  shown  in  red  in  the  figure  589. 

The  appendages  are  also  influenced  by  the  aquatic  life.  In 
contrast  to  the  cyclostomes,  there  are  two  pairs  of  paired  fins,  the 
thoracic  or  pectoral,  and  the  pelvic,  ventral,  or  abdominal  fins;  in 
contrast  with  Amphibia,  reptiles,  and  mammals,  which  occasionally 
have  fin-like  structures,  the  fishes  have  three  unpaired  fins,  dorsal, 
caudal,  and  anal  fins.  Only  rarely,  as  in  the  eels,  the  ventral  fins 
are  lacking;  more  rarely  (MuradnidsB)  the  pectorals  are  lost.  The 
function  of  the  fins  in  swimming  and  in  balancing  makes  it  neces- 
sary that  they  be  broad  and  well-supported  plates.  Hence  it  is 
that  numerous  skeletal  parts  are  present;  besides  those  preformed 
in  cartilage,  numerous  horny  or  bony  rays;  further,  that  all  parts 
should  be  similar  and  closely,  even  if  flexibly,  bound  to  each  other. 
Joints  are  unnecessary  except  at  the  base  where  the  fins  join  the 
supports  and  move  upon  the  body.  The  supports  of  the  paired 
fins  are  the  girdles,  arched  skeletal  parts,  which  in  the  sharks  are 
held  only  by  muscles,  a  statement  which  is  true  for  the  pelvic 
girdle  of  all  fishes.  This  is  why  the  ventral  fins  so  readily  change 
their  place.  Their  primitive  position  is  at  the  hinder  end  of  the 
body  cavity  (Pisces  abdominales,  figs.  598,  601).  From  this  point 
they  can  move  forward  to  beneath  the  pectorals  (Pisces  thoracici, 
fig.  G02),  or  may  even  come  to  lie  in  front  of  them  (Pisces  jugu- 
lares)  in  the  throat  region  (fig.  606).  The  pectoral  arch  is  united 
to  the  vertebral  column  in  the  skates;  to  the  skull  by  a  series  of 
bones  in  the  teleosts. 

The  dorsal  and  anal  fins  are  supported  by  elements  preformed 
in  cartilages  which  rest  upon  the  neural  or  haemal  spines  and  in 
turn  support  the  fin  rays.  In  the  caudal  fin  the  rays  rest  directly 
upon  the  spinous  processes.  Three  types  of  caudal  fin  are  rec- 
ognized— diphycercal,  heterocercal,  and  homocercal  (fig.  10), 
distinctions  of  great  importance.  The  primitive  type  is  the  diphy- 
cercal, in  which  the  vertebral  column  extends  directly  into  the 
middle  of  the  fin,  dividing  it  into  symmetrical  halves.  In  the 
heterocercal  type  the  vertebral  axis  binds  slightly  upwards  at  the 
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base  of  the  fin,  so  that  the  dorBal  part  is  redaoed,  the  ventral  greatly 
enlarged,  the  result  beiug  extremely  asymmetrical,  as  seen  from 
the  exterior.  The  homocerca!  fin  is  symmetrical  externally,  but 
in  reality  is  extremely  asymmetrical.  The  end  of  the  vertebral 
column,  the  unossifiod  notochord,  is  bent  abruptly  upwards,  and 
hence  the  fin  is  almost  entirely  formed  of  the  ventral  portion, 
which  is  usually  divided  by  a  terminal  notch  into  upper  and  lower 
halves.  The  homocercal  fin  begins  with  a  diphycercal  and  passes 
through  a  hcterocercul  stage  in  development. 

In  correspondence  wiili  Uio  ainiple  tnoiiona  the  muBculnture  is  simple 
and  consists  largely  of  longitudinal  musuica  divided  into  myotomes,  whicli 
are  coniciil  witli  tlie  apex  in  front,  and  are 
so  inserted  in  each  otiier  that  a.eross-sec- 
lion  gives  concentric  circles.  In  a  section 
tiiere  are  nt  least  two  such  systcios,  tlie 
musctes  being  diTided  by  a  Interul  in- 
cision into  dorsal  and  ventral  halves. 
There  ore  also  smaller  {;ron[)a  of  muscles 
related  to  flna,  gill  arches,  jaws,  eic,  but 
of  much  smaller  size,  derivatives  from  the 
larger  mass.  Electric  and  psend elect  I'ic  i 
organs,  which  occur  in  different  fishes, 
sometimes  in  the  trunk,  at  othci's  in  the 
tail,  are  formed  by  the  raodificatioii  of  mus- 
cles.     Each  organ   consists  of  numerous 

clo.,1,  p.okol  venM  or  l,orfe.,„i„l  ool-  'S  .Z7,KS?™».°.  "^S 
u„„.,  ...h  column,  lik.  »  Voli.lo  pil.,  ,™ff;;;i|S"r™rS 
consisting  of  layers  of  gelatinon.s  plates  nectUe- tissue  rramework:  Ef. 
(equivalents  of  muscle  bundles)  in  which  ou^  t[s3'u«;''jv.  nervea  eaieciag 
the  nerves,  with  special  end  plates,  termi-  Jerainatio'Srs '*''**'  ^''''  """" 
nate.     The  discharge  is  electronegative. 

The  brain  shows  the  low  position  of  the  class  in  the  slight  development 
of  the  cerebrum  (fig.  591),  This  is  especially  true  of  the  teleosts,  ni  which, 
in  place  of  a  cortex,  there  is  only  a  thin  epithelial  layer  (Pall),  what  was 
formerly  called  cerebrum  beiug  only  the  corpora  striata.  The  independent 
olfactory  lobes  lie  either  close  to  the  cerebrum  (most  teleosts,  Lol)  or  are 
separated  from  it  by  an  olfactory  ti'act  {fig.  692,  h).  The  optic  thalaml 
are  small  [d),  but  below  them  are  enlargements  characteristic  of  fishes,  the 
lobi  inferiores,  and  between  them  the  sacculua  vnsculosus.  Both  optic 
lobes  and  cerebellum  are  greatly  developed. 

The  nose  consists  of  two  preoral  pits,  Ihe  opening  being  divided  by 
a  bridge  of  skin  into  anterior  and  posterior  nostrils.  In  many  selachians 
the  nostrils  are  connected  with  the  mouth  by  a  groove  covered  by  a  fold  of 
skin,  and  in  the  Dipnoi  there  is  a  choana.  The  eye  has  several  peculiari- 
ties. The  lens  is  very  convex,  almost  conical,  due  to  the  slight  refraction 
caused  by  the  passage  of  light  from  the  water  into  the  cornea.     Further, 
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the  eve  is  very  short-3i|;li(ed  because  ligbt  is  so  abeorbed  bj  water  that 
objects  forty  feet  irnny  are  invisible.  With  this  is  connected  tlie  c:im- 
panula  Halleri.  The  processus  falcifucinlB,  a  sickle-shaped  outgrowth  of 
the  choroid,  extends  from  the  entrance  of  the  optic  nerve  into  the  vitreous 
body  aa  far  as  the  lens,  swelling  out  into  the  campiinula  ;  this  contains  a 
muscle  which  draws  back  the  leiis  and  so  is  an  apparatus  of  accoiDmoda- 
lion.    Near  the  entrance  of  the  optic  nerve  is  a  problematic  organ,  the 


ta.  del.— Bruin  of  trrnit.  (After  WIederaheim. 
aliB ;  IIH.  cerobelmm :  Uit.  olfHOtorv  lnl,« 
oblongktu:  I'uti,    puUium,  <n  part  c 


choroid  gland,  consisting  largely  of  blooil- vessels  (rete  mirabilt').  Clion- 
driflcations  and  ossifications  of  the  scleni  are  common.  Lids  nru  weakly 
developed  or  absent,  aud  only  some  elHsmobratichs  have  a  iiictiLtting  mem- 

The  ear  has  a  relative  size  found  in  no  otiier  vertebrates,  the  labyrinth 
corresponding  well  with  fig.  575.  The  labyrinth  contains  in  many  teleosis 
two  otoliths,  the  asteriscus  and  sagitta,  the  first  being  especiiilly  large. 
Experiments  show  thnt  the  ears  arc  primarily  for  balance,  and  hearing  is 
doubtful.  Strychnliiized  fish  do  not  respond  to  sound,  if  iu  its  production 
mechanical  vibrations  are  avoided. 

Of  all  sense  organs  the  most  noticeable  are  those  of  the  skin,  especially 
those  of  the  lateral  line,  which  are  nowhere  else  so  well  developwl  and 
which  occur  elsewhere  only  in  cj'clostomes  and  aquatic  amphibia.  In 
fishes  a  line  on  either  side  usually  begins  at  the  tiiil  and  extends  to  the 
head,  where  it  divides  intosevcral  curved  lines  (fig.  002,  SI).  lis  pnstlion 
is  marked  by  a  groove  or  a  canal  in  the  scales  which  opens  to  the  exterior 
by  numerous  canals  through  the  scales.  Branches  of  trigeminus,  facialis. 
gtossopbaryngcns,  and  especially  the  lateral  branch  of  the  vagus  (Ag-  STO)  go 
to  these  organs,  the  latter  extending  back  to  the  tail.     These  supply  speciul 


JV.   VEBTEBRATA:  PISCEB.  665 

sense  orgtins,  which  may  be  grouped  in  several  lines  or  occur  in  pite  (am- 
pnllfe)  in  the  skin  in  otiier  places.  Their  function  ia  obscure,  since  noth- 
ing of  the  sort  occurs  in  man  or  mammals.  Thej  are  specific  organs  of 
nqualic  vertebrates  and  possibly  have  to  do  with  the  perception  of  water 
pressure. 

The  alimentary  tract  jb  apacioas  only  in  the  oropharyngeal 
region.  Then  it  narrows  to  a  tube  in  which  the  varieua  regions 
aro  not  sharply  marked  off  from  each  other.  Month  and  pharyni 
frequently  bear  teeth.  In  the  teleosta  the  bonea  of  the  floor  of 
the  cranium  and  those  of  the  risceral  arches  may  be  covered  with 
coalesced  heckel-like  teeth.  In  the  elasmobranchs  the  teeth  are 
mostly  confined  to  the  lower  jaw  and  the  pterygoquadrate,  but  are 
in  rows,  the  anterior  row  alone  being  functional;  bat  aa  these  aro 
loosely  held  they  are  easily  torn  out,  when  they  are  replaced  by 
the  row  behind.  Liver  and  spleen  aro  always  present;  pancreas 
and  gall  bladder  usually  occur.  In  many  fishes  blind  sacs,  the 
pyloric  cieca,  occur  at  the  junction  of  stomach  and  intestine  (fig. 
593,  B);  others  have  a  spiral  valve  {A),  a  fold  of  macoas  mem- 
brane, which  extends  like  a  spiral  stairway  into  the  lumen  of  the 
intestine,  increasing  the  digestive  surface.  C»ca  and  spiral  valve 
rarely  occur  in  the  same  fish, 


Fio.  ESS.— CfireBtlve  tracts  of  IA<  .^utltui  rultmrte  (portly  opened)  and  (B)  Ira- 
rhintui  roAlaiut,  (Frum  GeRenbaur.)  ap,  pyloric  Cffica;  c.  rectum  :  <!.  bile  dact; 
Kli,  duct  tif  air  bladder;  i,  intestlDe;  oe,  oesoph&gus:  ji,  pylorus;  r,  stomach ;  tt, 
spiral  gland  -.  x,  rectal  gland. 

Gills  of  two  types  occur  (fig.  594,  A  and  B).  In  both  the  gill 
cicfta,  which  lie  between  successive  branchial  arches,  begin  by 
openings  in  the  pharynx,  but  differ  in  their  external  openings. 
In  the  elasmobranch  type  {A)  the  external  openings  are  a  series  of 
slits  separated  by  broad  dermal  bridges  which  cover  the  gills  and 
gill  clefts  (fig.  698).     The  gills  are  vascular  folds  of  mucous  mem- 


brane  with  eecoudary  folds  which  extend  on  anterior  and  posterior 
eides  of  the  cleft.  Each  arch  except  the  laet,  as  the  sections  (fig. 
694,  A,  and  695)   show,   bears  two   rows  of  gill  folds    (demi- 


cleft ;  m,  mouUi :  tno,  maxtllare ;  n,  cEBopbaguB :   dp,  operci 
opening;   pti,  palntlne;  phU  Inferior  phiLrj-DKeal    DoneB;  pq^  p 
prii',  premaxllla;  «,  shoulder  girdle  :  UK,  loner  Jawj  t,  tongue. 


branche)  which  belong  to  difierent  clefts  and  are  separated  from 
each  other  by  tissue  containing  the  cartilaginous  gill  rays. 

In  the  second  type  (B),  which  occurs  in  all  other  fishes,  the 
dermal  bridges  are  lacking,  and  the  tissue  between  the  demi- 
branchs  has  more  or  less  completely  disappeared,  so  that  the 
dcmibranchs  of  one  arch  become  connected,  their  free  ends  pro- 
jecting into  the  water  like  the  teeth  of  a  double  comb.  Here, 
on  account  of  their  very  delicate  structure,  they  would  be  ex- 
posed to  serious  injury  were  they  not  protected  by  the  operculum 
or  gill  cover.  This  is  a  fold  of  skin  arising  from  the  hyoid  arch 
and  extending  back  over  the  gill  region.  It  is  supported  by  .two 
groups  of  bones,  the  opercular  bones  proper  (fig.  589,  0,  So,  Jo, 
Pro),  attached   to  the  hyomandibular,  and   the   branchiostsgals 
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{rhr)  from  the  hyoid,  these  latter  Bupporting  the  braDchiostegal 
membrane.  Between  the  free  edge  of  the 
operuulum  and  the  branch  iostegal  mem- 
brane and  the  skin  of  the  body  behind  is 
the  opercular  cleft  (fig.  594,  op--),  which  Ib 
obviously  not  identical  with  a  gill  cleft,  but 
leads  into  an  atrium  into  which  the  gill 
cleftB  empty.  In  many  elasmobrancha  and 
^ooids  there  is  a  rudimentary  cleft,  the 
epiracle,  between  the  pterygo  quad  rate  and 

hyomandibular,  in  whicha  rudimentary  gill,  | 

or  paeudobraneh,  may  occur,  this  often  per- 
sisting when  the  spiracle  is  closed, 

BeBides  gills,  fishes,  with  the  exception 
of  elasmobranclis  and  some  teleosts,  hare  a  ^c'h^r^Oa™«''tilrt) 
swim  bladder  which  is  usually  regarded  as  Bilahti^urn^'.'*'"; 
the  homologuo  of  the  lungs.  It  is  often  J^^J,;  denfibraS^Bi 
shaped  like  an  hour  glass,  filled  with  air,  and  J-  *J."r™n(ige"'raj-'""t" 
may  open  into  the  cEsophagus  by  a  pneumatic  ^^'^  ■  '•  t*^"i- 
duct  (Physostomi),  or  this,  appearing  in  development,  may  be  lost 
in  the  adult  (Pbysoclisti).  The  air  bladder  serves  for  respiration 
in  the  Dipnoi  and  possibly  in  some  ganoids  {Lepidofieua  and 
Anna),  but  is  usually  a  hydrostatic  apparatus,  its  enlargement  or 
compreaaion  altering  the  specific  gravity  of  the  fish.  In  fishes 
brought  up  from  great  depths  the  expansion  of  air  in  the  swim 
bladder  frequently  forces  the  viscera  out  through  the  mouth. 

The  heart,  enclosed  in  the  pericardium,  lies  immediately 
behind  the  gill  region,  and  is  protected  by  the  shoulder  girdle. 
It  always  consists  of  auricle  and  ventricle  (fig.  596),  separated  by 
a  pair  of  valves  to  prevent  back-flow  of  the  blood;  it  sends  the 
blood  to  the  gills  by  the  arterial  trunk  (ventral  aorta),  and  receives 
it  from  the  body  through  a  thin-walled  sac,  the  venous  sinus,  in 
■which  the  hepatic  veins  and  the  Cuvierian  ducts  {formed  by  union 
of  jngular  and  cardinal  veins)  empty  {figs,  C5,  597). 

The  most  important  differences  lie  in  the  development  of  conns 
and  bulbus  arteriosus.  These  are  muscular  accessory  organs,  the 
first  arising  from  the  heart,  the  other  from  the  arterial  trunk;  and 
correspondingly  the  conns  has  striped,  the  bnlbus  smooth  muscle 
fibres.  The  anterior  end  of  the  heart  contains  '  semilunar '  valves, 
which,  like  the  auriculo-ventricular  vulves,  prevent  the  back-flow 
«f  the  blood.  When,  by  increase  in  the  number  of  valves,  this  part 
becomes  elongate,  a  conus  arteriosus  {fig.  696,  A)  is  formed.     The 
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biilbus  (C^  is  a  mnscnlar  swolliug  iu  frout  of  the  conns,  in  the 
arterial  trunk. 

The  connexion  of  ventral  and  dorsal  aortae  '\a  effected  in  jonng: 
fishes  (fig.  597)  by  the  gill  arteries  directly;  later  bj  means  of  the 
complicated  loops  of  the  gill  circulation.     When  these  are  de- 

A.       B.         C. 


cUaiiuidmoatnnoldB;  H,  Ami 
Kiterkmaa;  k,  vatvtt;  i,  bIdus  ve 


Fia.  687.— Hp»d  of  emtuTO  telrort.  <Dl«iiram  from  Oetcenbaur 
RarU  with  arterial  ambea:  ird.  d"raalaona:  r,  carotid  ;  ^Ic. 
unkHi  ot  dumilar  and  poetertor cardiDBl  Telna  ;  n.DOBiiil:  r 
bub;  V,  TenUide. 


Kill  clefts ;  sit.  ainin  te 


Teloped,  afferent  branchial  arteries,  gill  capillaries,  and  efferent 
arteries  can  be  recognized,  the  latter  uniting  to  form  the  dorsal 
aorta  and  also  giving  off  the  arteries  (carotids),  which  go  to  the 
head. 

The  nephridia  are  a  pair  of  largo  reddish-brown  organs  lying 
outside  the  body  cavity  to  the  right  and  left  of  the  vertebral 
column,  usually  extending  from  heart  to  anus.  Their  ducts  empty 
behind  the  anus  or  in  the  dorsal  wall  of  the  intestine  and  are  often 
provided  with  enlargements  called,  from  their  functions,  urinary 
bladders,  although  totally  different  morphologically  from  the 
urinary  bladder  of  the  higher  vertebrates.     The  gonads,  suspecdiii 
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by  mesorchia  or  mesovaria,  are  largo  and  project  into  the  body 
cavity.  They  are  rarely  unpaired.  In  the  elasmobranchs  and 
most  ganoids  their  products  pass  out  by  the  urogenital  system  (p. 
552)^  in  other  forms  by  the  pori  abdominales  or  by  special  ducts. 

Cuvier  divided  the  fishes  into  cartilaginous  and  bony  groups,  an  im- 
portant step  so  far  as  the  extremes  (elasmobranchs  and  teleosts)  were 
concerned.  Agassiz  recognized  a  middle  group  which  he  named  Ganoidei, 
from  the  character  of  the  scales,  but  his  account  was  modified  and  made 
more  accurate  by  Johannes  MUller,  who  also  included  the  Dipnoi  among 
the  fishes.  At  present  the  group  of  ganoids  is  retained  largely  as  a  matter 
of  convenience.  Its  members  are  more  closely  related  with  the  teleosts 
th<in  with  the  elasmobranchs,  and  in  America  Ganoids  and  Teleosts  are 
united  under  the  head  Teleostomi,  the  name  alluding  to  the  presence  of 
a  true  upper  jaw  comparable  to  that  found  in  higher  vertebrates. 

Sub  Class  L  Elasmohranchii  {Plagiostomi,  Chondropterygii). 

The  elasmobranchs,  the  shark-like  fishes,  are  almost  exclu- 
sively marine,  varying  in  length  from  a  foot  and  a  half  to  sixty 
feet,  living  almost  -exclusively  on  other  vertebrates,  and  noted  for 
their  voracity.  Sometimes  slender  and  cylindrical,  as  in  the  sharks 
(fig.  598),  sometimes  flattened  dorsoventrally,  as  in  the  skates  (fig. 


Fio.  608.— ^can/fcta«  tnifpnm,*  doicflsh.    (From  Clau8.)'*'B,  ventral  fin;  Br,  pectoral  fin; 
Ktt^  flill  clefts ;  n,  nostril ;  R\  B*^  dorsal  fins ;  S^  heterooercal  caudal  flo ;  8pl,  spiracle. 

599),  they  agree  in  form  in  that  the  head  is  prolonged  into  a  snout, 
which  is  usually  supported  by  a  cartilaginous  prolongation  of  the 
cranium,  the  rostrum  (fig.  588,  /?).  The  mouth  lies  ventrally,  at 
more  or  less  distance  from  the  anterior  end,  and  is  transverse, 
-whence  the  name  Plagiostomi — ^transverse  mouth.  This  position 
makes  it  necessary  that  a  shark  approaching  its  prey  from  below 
must  turn  on  its  back  before  biting.  The  tail  is  heterocercal  or  is 
drawn  out  in  a  long  filament.  The  skin  is  covered  with  placoid 
scales,  usually  close  together,  these  being  so  small  in  some  cases 
that  the  skin — ^shagreen — is  used  instead  of  sandpaper  for  polish- 
ing. More  rarely  the  scales  are  larger,  and  the  spines,  which 
project  from  the  skin,  justify  in  size  and  form  the  term  dermal 
teeth.     Such  strong  spines  occur  especially  at  the  front  of  the 
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dorsal  fins  (ichthyodolurites  of  paleontologists).  The  skeleton  is 
cartilaginous,  frequently  calcified  on  the  outside.  The  calcifica- 
tion can  also  extend  into  the  vertebrae,  producing  star-like  figures. 
Since  bone  is  lacking,  the  sharks  have  no  upper  jaws,  but  bite  with 
the  pterygoquadrate.  The  amphicoelous  vertebrae  (lacking  in  the 
Holocephali  and  the  extinct  Cladoselachii,  Ichthyotomi,  and 
AcanthodidaB),  have  neural  arches,  small  ribs,  and  intercalaria. 
The  number  of  gill  arches  and  clefts  varies  between  five  and  seven, 
the  first  cleft  lying  between  the  hyoid  and  the  first  branchial  arch. 
Besides,'  most  elasmobranchs  have  a  spiracle  and  pseudobranch 
(fig.  598,  Spl).  Except  in  the  Holocephali  the  gill  clefts  open  sep- 
arately, the  hyoid  arch  being  without  an  operculum. 

In  the  visceral  anatomy  these  points  are  of  importance  as  dis- 
tinguishing elasmobranchs  from  Teleostomes.  (1)  The  heart  has  a 
large  conus,  with  several  rows  of  valves  (fig.  596,  A)y  but  lacks  a 
bulbus.  (2)  The  alimentary  tract  (fig.  593,  A)  has  a  spiral  valve, 
but  lacks  swim  bladder  and  pyloric  caeca.  (3)  The  sexual  products 
are  carried  to  the  exterior  by  the  urogenital  ducts.  The  eggs 
escape  from  the  follicles  of  the  ovary  (occasionally  unpaired)  by 
dehiscence  into  the  body  cavity,  and  from  thence  by  the  unpaired 
ostium  tubae  and  the  paired  Miillerian  ducts  to  the  exterior.  The 
spermatozoa  traverse  the  anterior  part  of  the  WolflSan  body  (*  kid- 
ney^). Sexual  and  reproductive  ducts  open  dorsally  into  the 
cloaca. 

i 

Male  elasmobranchs  are  distinguished  by  the  presence  of  a  copa- 
latory  structure  (mixipterygium)  developed  by  enlargement  of  some  radii 
of  the  ventral  fin  (fig.  599,  c).  The  large  eji^gs,  rich  in  yolk,  are  fertilized 
in  the  oviducts  and  usually  develop  in  uterine  enlargements  of  the  ducts. 
The  embryos  (fig.  582),  with  long  gill  filaments  protruding  from  the  gill 
slits,  are  nourished  by  the  yolk  in  the  yolk  sac.  In  Mtistelus  and  Oar- 
charias^  as  Aristotle  knew,  there  is  the  formation  of  a  placenta,  which 
differs  from  that  of  the  mammals  in  that  the  embryonic  blood  supply 
arises  from  the  blood-vessels  of  the  yolk  sac  and  are  not  allantoic.  There 
are  oviparous  elasmobranchs,  and  in  these  the  egg  is  surrounded  by 
albumen  and  a- shell,  but  these  eggs  differ  from  those  of  birds  in  that  the 
skull  is  horny  and  is  usually  drawn  out  at  the  four  corners,  sometimes 
with  threads  for  attaching  the  egg  to  plants,  etc. 

Order  I.  Selachii. 
With  the  notochord  more  or  less  completely  replaced  by  verte- 
bral centra;  no  dermal  bones. 

Sub  Order  I.  DIPLOSPONDYLI.  Gill  slits  lateral,  six  or  seven  in 
number,  a  single  dorsal  fin.  Chlamydoaelachtis  with  terminal  mouth. 
Hexanchus,*  mouth  normal,  six  gill  slits  ;  Heptanchw,  seven  gill  slits. 
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Sub  Order  11.  SQUALI  (Euaelathii).  Normal  sharks,  with  cjlindrical 
bodies,  free  Ilioracic  fins,  holerocercal  tail,  lateral  gill  slits.  Moat  of  them 
are  fast  swimmers  and  are  rapacious,  tlio  teeth  beizig  usually  pointed,  with 
slisrp  or  toothed  edges,  but  in  some  the  teeth  arc  pavement- like  and  are 
used  for  crushing  shell  fish.  The  numerous  families  are  distinguished  by- 
vertebral  characters,  number  of  dorsal  fins,  presence  of  niotitiiting  mem- 
brane, etc.  lu  the  Galeid£.  in  wliiuh  the  nictitating  membrane  !& 
present,  belong,  besides  the  doB-sharka  {Musldus  *  and  Oaleus*),  the  largest 
of  all  sharks,  Carc/tarinus,"  some  of  wliicli  have  man-eating  reputations. 
The  hammer  heads  (Zygtxna*)  are  closely  allied.  The  mackerel  sharks 
Lamna*)KnA  (he  great  white' man-eater,'  CiircAarorfuw.'lack  nicliiating 
membranes.  All  of  the  foregoing  have  star-shaped  figures  in  (he  verte- 
brffi  (p,  5i0),  In  the  dog-fishes,  represented  by  Acanthias  vulgaris*  (or 
Sqiialiu  acanthias.  fig.  .'iea),  there  is  a  spine  in  front  of  each  dorsal  fln. 

Sub  Order  III.  RAI.^.  In  the  skates  the  body  is  flattened  lioriaontally 
fig.  599),  and  the  pectoral  fins,  also  flattened,  are  united  to  the  sides  of 


Pro.  Eep.— Bala  Uitlii,  iii»le.  ti , , 

Br.  pectoral  fln;  R,  roatrum;  a.  %.\ . , j  ,—...,.,, 

fn,  monthi  n,  noatrlli  between  them  the  oron&sal  gruove. 

the  body,  the  union  usaally  extending  clear  to  the  tip  of  the  snout,  and 
frequently  back  to  the  pelvis,  giving  the  body  a  rhombic  appearance  from 
above.  The  animals  swim  by  nndulaling  uiotious  of  these  fins.  They 
mostly  lie  quiet  on  the  bottom,  and  hence  the  lower  surface  is  white, 
the  upper  colored.    The  union  of  the  flns  to  the  side  has  resulted  in  traaa- 
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fer  of  the  gill  slits  to  the  lower  surface,  the  spiracles  to  the  upper.  The 
teeth  are  usually  pavement-like.  The  Pbistid^,  or  sawfishes,  are  the  most 
shark-like,  but  are  readily  recognized  as  belonging  here  by  the  position  of 
the  gill  slits.  The  common  name  is  due  to  the  fact  that  the  snout  is  pro- 
longed into  a  paddle-shaped  blade,  the  edges  armed  with  teeth.  PristU* 
Eaiid.£  ;  the  typical  members  of  the  group ;  Raia*  Closely  allied  are  the 
TRTGONiDiE,  or  stlng  rays,  with  whip-like  tail  with  one  or  two  spines,  the 
*  stings,*  at  the  base;  Dasyatis*  The  torpedos  (Tobpedinid£)  hare 
smooth  skins,  and  have  electrical  organs,  kidney-shaped  bodies,  on  either 
side  between  gill  arches  and  pectoral  skeleton.     Torpedo* 

Order  11.  HolocephAli. 
These  forms,  which  have  do  common  English  names^  differ  from 
the  sela^hii  in  haying  the  pterygoquadrate  arch,  which  belirs  a  few 
large  chisel  teeth,  fnsed  with  the  cranium  without  a  suspensor  ;  in 


Fio.  HOO.—diimcera  mongtrota.    (From  Klngsl^.) 

having  a  dermal  fold  constituting  an  operculum,  which  covers  the 
gill  slits;  and  corresponding  with  this,  the  gills  more  on  the  teleost 
type  (p.  666).  Lastly,  the  vertebral  centra  are  not  developed. 
ChimcBra*    Fossils  appear  in  the  Devonian. 

The  Cladoselachii  (CladoselacJie),  Ichthtotomi  (Pleuracanthus)^  and 
ACANTHODiDiE  are  paleozoic  forms  in  which  vertebral  centra  were  lacking. 
In  Cladoseladie  the  skeleton  of  the  paired  fin  consisted  of  numerous  simi- 
lar radii  and  was  more  primitive  than  the  archipterygium;  Pleuracanthus 
was  diphycercal,  and  the  head,  as  in  Acanthodes,  bore  dermal  bonea. 

Sub  Class  IL  Oanoideu 
The  ganoids  form  a  transition  group  in  which  elasmobranch 
and  teleost  characters  are  mingled  in  a  notable  manner.  They 
have  the  spiral  valve  of  the  sharks,  the  swim  bladder  of  the  telosts; 
the  heart  with  the  conus  ia  selachian,  the  respiratory  structures — 
the  comb-like  gills  and  the  operculum — are  as  distinctly  teleostean. 
The  hyoid  arch,  with  the  development  of  the  operculum,  has  not 
entirely  lost  its  respiratory  function,  since  in  garpike  and  sturgeon 
it  bears  an  opercular  gill,  and  often  there  is  a  pseudobranch  in 
the  spiracle.     The  skeleton  is  always  ossified  in  certain  parts;  large 
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membrane  bones  lie  on  the  shoulder  girdle,  on  the  roof  and  floor 
of  the  skull  (parasphenoid) ;  the  horny  threads  of  the  fins  are  bony 
rays.  In  general  the  skeleton  ranges  between  two  extremes — aA 
extremely  primitive  cartilaginous  condition  with  persistent  noto- 
chord,  and  one  with  a  more  than  ordinary  degree  of  ossification. 
It  is  important  for  the  systematist  to  find  characters  in  all  ganoids 
which  occur  only  in  the  group.  The  ganoid  scales,  used  by  Agassiz, 
are  not  sufiScient,  since  the  sturgeon  has  bony  plates  free  from 
ganoin,  while  the  paddle  bill  (Polyodon*)  has  almost  no  dermal 
skeleton,  and  Amia  has  cycloid  scales.  Most  recent  and  fossil 
forms  possess  fulcra,  bony  plates  with  forked  ends  lying  shingle- 
like in  front  of  the  fins  (fig.  10,  i?),  but  these  are  not  universal, 
and  are  absent,  e^g.,  in  Amia  and  Polypterus  (fig.  10,  A  and  C). 
The  group  is  largely  American.  The  few  recent  ganoids  fall  into 
three  distinct  groups. 

Order  I.  Croaaopterygii. 

These  are  largely  extinct,  but  two  genera  persisting  to-day.  The  tails 
are  diphycercal  or  heterocercal;  the  pectoral  fins  have  the  basal  portion 
scaled ;  broad  gular  plates  beneath  the  jaws  in  place  of  branchiostegals;  the 
skeleton  well  ossified.  Polypterus  and  Calamoichthys  from  Africa.  The 
order  was  probably  ancestral  to  the  Amphibia. 

Order  n.  Chondrostei. 

These  forms  resemble  the  sharks  externally  in  the  heterocercal  tail, 
spiracle,  ventral  position  of  the  mouth;  internally  in  the  cartilaginous 
skull  and  (except  Polyodon)  in  the  pterygoqnadrate  serving  as  upper  jaw. 
In  the  vertebral  column  they  are  more  primitive  than  most  selachians, 
since  centra  are  lacking,  the  neural  and  hsamal  arches  and  the  intercalaria 
resting  direct  on  the  notochordal  sheath  (fig.  556).     AciPENSERmiE,  with 


Fio.  flOl.^Acipenaer  tturio*  common  sturgeon.    (After  Goode.) 

large  bony  dermal  plates.  Acipenser,"^  sturgeon.  The  swim  bladder 
furnishes  isinglass,  the  ovaries  make  caviare.  PoLYODONTiD-fi,  with 
naked  skin  and  long  paddle-like  snout,  toothed  maxillaries  present. 
Iblyodon*  paddle  fish. 

Order  in.  Holostei. 

In  these  the  skull  is  ossified  as  in  teleosts;  maxillary  and  premaxillary 
bones  are  present,  the  pterygoquadrates  reduced  and  not  meeting  in  front, 
and  the  mouth  terminal.    The  body  may  be  covered  either  with  ganoid  or 
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cycloid  acales.    The  living  forms  (Ibe  group  nppeara  in  the  trias)  bare  ossi- 
fied opistbocoalous  vertebne  and  diphy-  or  homocercal  tnils. 

LepiDOSTEiD^.  Scales  rbomboid,  branch iostegal  rays  present,  apscudo- 
Itrandi, btiC  no  spiracle.  LepidosUus* gafpike.  AttaajE,  distinctly  teleos- 
tean  in  appearaDce  with  cycloid  scales,  amphicmiotu  vertebra,  and  heart 
with  reduced  conus  (Og.  SSS,  B).     Amia*  bow  fin. 

Sub  Class  III.  Teleostei. 
The  teleosts  owe  their  name  to  the  extensive  osBification  of 
the  skeleton,  which  coiisista,  ia  the  trunk,  of  amphicocloas  vertebne, 
and  in  front  a  skull  with  numerous  primary  and  secondary  bones, 
already  enumerated  (p.  5G0,  fig.  589).  Mamillaries  and  premaxil- 
laries  are  present,  but  these  are  frequently  without  teetb,  since 
other  bones  of  the  mouth  (vomers,  palatines,  hyoid,  gill  arches, 
superior  pharyngeals — the  latter  alone  in  Cyprinoids)  may  bear 
teeth.  Frequently  there  are  present  small  bones,  usually  forked, 
lying  in  the  intermuscular  septa  above  the  ribs,  which  are  not  pre- 
formed in  cartilage.  These  are  the  epipleurals,  and  are  distinct 
from  the  ribs.  In  the  fins  both  cartilage  and  dermal  ra^  are  ossi- 
fied, the  former  remaining  small,  the  rays  forming  moat  of  the 
support.  These  rays  may  either  be  soft  and  flexible  (Malacopteri) 
■or  hard  and  spine-like  (Acanthopteri),  a  matter  of  classificatory 
Talue.     In  the  first  case  they  consist  of  numerous  small  threads 


_         -         .  jl|,  spiDoiuand' soA  <lorsal  lii-,  S. 

caudal  flu  ;  St.  lateral  line. 

(fig.  603,  Br,  A,  Ji,  R^,  in  the  other  the  parta  of  a  ray  are  fused 
to  a  spine  which,  sometimes  provided  with  poison  glands  {Scerpana. 
Aiiipkacanlhe,  etc.),  become  good  defensive  weapons.  The  tail  is 
usually  homocercal ;  the  diphycercy  of  eels  and  other  fishes  is  sec- 
ondary. The  dermal  skeleton  consists  of  ctenoid  or  cycloid  scales, 
sometimes  of  spines  or  body  plates.  In  rare  instances  the  skin  is 
naked. 
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The  hyoid  arch  always  bears  an  opercnlum  and  branchiostegal 
membrane,  but  there  is  no  opercular  gill.  The  gills  of  the 
comb-like  type,  are  confined  to  the  four  anterior  gill  arches,  but 
they  may  be  reduced  to  even  two  and  one-half  pairs  of  demi- 
branohs.  Instead  of  a  conns  (present  in  Bufrinus),  the  bulbus 
arteriosus  is  well  developed;  a  spiral  valve  is  lacking,  but  pyloric 
appendages  are  common.  A  swim  bladder  is  usually  present,  but 
its  duct  is  frequently  closed. 

The  teleosts  are  distinguished  from  all  vertebrates  except  the  cyclo- 
stomes  and  perhaps  some  ganoids  in  that  the  nephridial  system  does  not 
form  part  of  the  sexual  ducts.  The  eggs  and  milt  are  deposited  through 
the  abdominal  pores  or  by  special  canals  developed  from  the  body  cavity. 
Copulation  occurs  in  only  a  few  viviparous  forms  (Embiotocidsd,  Oambu- 
sia^  etc.)-  The  rule  is  that  males  and  females  deposit  their  reproductive 
products  in  the  water  at  the  same  time,  and  this  leads  to  the  enormous 
schools  of  herring  and  other  fishes  which  occur  yearly  at  certain  times. 
This  also  explains  the  ease  with  which  artificial  impregnation  in  fish 
culture  is  performed. 

In  rare  instances  the  males  care  for  the  young,  as  in  the  case  of  the 
sticklebacks;  more  noticeable  are  the  conditions  in  the  lophobranchs  (sea 
horses  and  pipe  fish),  where  the  males  receive  the  eggs  in  a  brood  pouch  on 
the  ventral  surface.  A  metamorphosis  is  known  only  in  the  eel-like  fishes, 
the  larvse  of  which — ori«;inally  described  as  distinct  under  the  name  Lepto^ 
cef^Ticdiui — are  flat,  transparent  forms  with  colorless  blood,  enormous  tails, 
and  extremely  small  trunk.  These  larvse  normally  occur  in  the  sea  at  the 
depth  of  some  hundred  fathoms.  The  fresh-water  eels  go  to  the  ocean 
for  propagation.  On  the  other  hand  many  salt-water  fish  go  to  fresh 
water  for  reproduction. 

The  classification  of  the  fishes  is  yet  in  an  unsettled  state,  partly  owing 
to  the  large  number  of  forms,  partly  to  the  fact  that  the  groups  intergrade. 
Most  European  writers  recognize  six  divisions,  Physostomi,  Anacanthini, 
Pharyntjognathi,  Acanthopteri,  Ohaetognathi,  and  Lophobranchii.  Our 
authorities  separate  the  Ostariophysi  from  the  Physostomi,  the  Pediculati 
and  Hemibranchii  from  the  Acanthopteri,  and  unite  the  Anacanthini  and 
some  of  the  Pharyngognathi  with  the  Acanthopteri  and  make  a  distinct 
group,  Synentognathi,  of  the  others.  The  characters  on  which  these  divi- 
sions are  based  are  less  convenient  for  the  tyro  than  those  adopted  here. 

Order  I.  Physostomi. 
The  character  to  which  this  name  refers  is  not  readily  seen 
without  dissection,  the  persistence  of  the  duct  of  the  swim  bladder. 
This  is,  however,  correlated  with  the  soft  character  of  the  fin 
rays  (few  exceptions)  and  the  abdominal  position  of  the  ventral 
fine.  The  Ostariophysi  are  remarkable  in  having  a  chain  of  bones 
connecting  the  swim  bladder  with  the  ear.  More  than  a  third  of 
the  food  fishes  and  nearly  all  of  the  fresh-water  fishes  belong  here. 


The  OBtariophyaial  families  are  the  Silvkid^  (1000  Bpeciee), 

r  cat-fish,  with  barblee  about  the  mouth,  of  which  Malapter 


Fia.  tm.—Salnui  aolar,'  Atlaatlc  ulmon.  (After  Ooode.) 
the  electric  cat  of  Africa,  is  most  noteworthy.  The  Ctprinidj, 
or  carp  (1000  species),  and  the  suckers,  Catostomid^,  have  little 
food  value.  The  electric'  eel  of  South  America  belongs  to  the 
Gyuhonoti.  The  other  families  are  true  Physostomes,  The  Sal- 
UONIDA  are  easily  recognized  by  the  'adipose  dorsal, 'afin  formed 
of  a  fold  of  skin  without  fin  rays.  The  trout  and  salmon  {Salmo  •) 
belong  here  and  are  among  the  most  important  food  fishes. 
Osmerus,*  smelt;  Coregnmis*  white  fish;  Clupeid^,  herring, 
shad;  Asguillidj;,  eels,  the  breeding  habits  referred  to  above. 
EsociD^s,  pike  and  pickerel.  AMBLYOPSiui,  blind  fish  of  Mam- 
moth Cave. 

Order  n.  PuyDgogiiAtliJ. 

In  many  fishes  the  iaferior  pharyngeal  bones  {i.e.,  the  last 

rudimentary  gill  arch)  fuse  to  form  a  single  bone,  and  these  forms 

are  called   Fharyngognathi.     Some  have  spiny  fins,  among  the 

Labrid^,  including  Ctenolabrus,*  the  cunners,  and  Tautoga,*  the 


Fig.  604,— CTfJiiilalmui  cirruloin*  cunner.    (After  Goode.) 

tautog.  These  arc  placed  among  the  Acanthopteri  by  American 
authors.  Others  have  only  soft  fin  rays.  These  are  the  Synentfl- 
gnathi  and  include  the  Exoc(Etid.e,  or  some  of  the  flying  fishes. 
in  which  the  pectoral  fins  are  very  large,  acting  as  parachntes 
when  the  fish  leap  from  the  water.     Exoccelus.* 
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Order  m.  Acanthopteii  (Acantliopterfgli). 
This  is  the  largest  group  of  fighea,  its  members  nsaally  haring 
the  ventral  fina  thoracic  in  position  and  more  thau  three  raya  epiny 
in  dorsal,  anal,  and  ventral  fins.  The  sticklebacks  {Gastero- 
STEIDJe)  and  some  other  forms  have  the  pharyngeal  bones  reducod, 
the  ventral  fins  farther  back,  and  form  the  groap  Uemibranchii. 
OasterosieuK.*  The  perch  of  fresh  water  (Percidj;),  Perca* 
and  Microp/erug*  (black  bass),  and  the  marine  Serkasid^,  some 
of  which  are  hermaphroditic,  have  ctenoid  scalca.  The  Scombrid-e, 
with  Scomber,*  the  mackerel,  and  Tkynnus,*  the  horse  mackerel,  and 
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the  XipsiidjE,  or  sword  fishes,  in  which  the  snout  is  prolonged  into 
a  long  sword,  are  the  most  important  edible  fishes  of  the  group.  The 
LoRicATi,  including  the  sculpins  (Coitus,*  flemilripterus,*)  tro- 
qnently  have  the  body  armored  with  bony  plates.  The  Ehbiotocid^s, 
or  surf  perches  of  the  Pacific,  are  viviparous.  The  suck  fishes, 
Memora,*  Echenein,*  have  the  first  dorsal  modified  into  a  sucker  on 
the  top  of  the  head. 

Older  IV.  Jiiin-jTitWni. 
These  are  soft-finned  fishes  in  which  the  ventral  fins  lie  in 


Fio.  MC— Otuitu  moTThun.*  cod.   (After  Storer.l 

front  of  the  pectorals.     Structure  goes  to  show  that  these  have 
descended    from    Acanthopteran    forms.     With   few   exceptions 
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{Lota,*  barbot),  all  are  marine.  The  Qadid*,  with  Gadns,*  in- 
cluding the  cod  and  haddock,  and  the 
Pleubonectid*,  with  Hlppoglossvs.* 
the  halibut  and  other  genera,  the  flonn- 
derB,  turbot,  and  eole,  make  tbiB  the 
moBt  important  group  of  marine  fiehes. 
The  Flenronectidse,  from  their  asym- 
metry, need  a  word.  The  young  are 
perfectly  symmetrical,  but  the  animals 
turn  on  oue  side,  the  lower  becoming 
white.  The  eye  of  this  side  gradually 
works  over  to  the  upper  side,  twisting 
the  hones  of  the  skull  in  its  progress. 
Order  V.  Lophobranchil. 
A  small  group  of  marine  species, 
having  in  common  gills  composed  of 
small  rounded  tufts,  the  body  covered 
with  a  segmented  armor  of  bony  plates 
and  peculiar  breeding  habits,  the  male 
carrying  the  egga  and  young  in  a  broo"! 
pouch.  The  sea  horses,  Hippocantpus,* 
with   their  horse-like    heads,    and   the 

^^^^"''m'"^^^  (A^r  ^l^n*^*'''  P'P^  fishes,  Sywjnatlius,*  belong 
Soode.)  here. 

Order  VI.  Flectogiutbi. 

A  small  group  of  peculiar  compact  fishes,  in  which  the  bones 
in  each  jaw  are  cooaaified,  the  ventral  fins  reduced  or  absent.  In 
the  trunk  fishes,  Ostracodermi,  the  body  is  enclosed  in  a  firm  angu- 


Fio.  fai.—Chaom])cUru»  getimetricta,*  swell  flsL.    (After  Ooode.) 

lar  box  of  bony  plates.  The  Gymnodonta,  or  swell  fishes  (fig.  6081, 
liave  the  power  of  inflating  the  body  to  spherical  sacs.  The  flesh 
is  poisonons. 
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Sub  Class  IV.  Dipnoi  (Dipneusti). 
The  lung  fishes  have  the  form  of  true  fishes,  with  scales  and 
paired  fins,  supported  by  a  single  or  a  doubly  pinnate  archiptery- 
gium.  The  median  fin  is  not  separated  into  dorsals,  caudal  and 
ventral,  and  the  caudal  part  is  diphycercal.  The  skeleton  is  very 
primitive,  consisting  largely  of  cartilage,  the  notochord  being  re- 
tained to  a  great  extent.  The  animals  live  in  fresh  water  and, 
under  ordinary  conditions,  breathe  by  gills  which  are  covered  by 
an  operculum.  In  the  gills  there  are  some  peculiarities  recalling 
amphibian  structures,  Protopterus,  and  the  young  of  Lepidosiren 
having  external  as  well  as  internal  gills.  The  resemblances  are 
strengthened  by  the  periodic  appearance  of  pulmonary  respira- 
tion. The  lung  fishes  live  in  the  tropics  in  pools  and  swamps 
which,  during  the  hot  season,  may  be  more  or  less  completely  dried 
up.  When  the  water  becomes  too  foul  for  branchial  respiration, 
the  swim  bladder  is  used.  This  is  a  paired  or  unpaired  sac  with 
a  duct  leading  to  the  oesophagus,  and  the  interior  has  its  respira- 
tory surface  increased  by  the  development  of  air  cells.  Protoptervs 
indeed  can  live  out  of  water;  it  burrows  in  the  mud  at  the  dry 
season,  and  builds  a  cocoon  lined  with  mucus  in  which  it  remains 
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quiescent  until  the  wet  season.  The  nose  is  respiratory,  with  a 
choana  opening  into  the  mouth  cavity.  The  last  gill  vessels  give 
off  pulmonary  arteries,  and  there  are  veins  carrying  the  blood  back 
to  the  heart.  The  heart  itself  shows  the  beginning  of  division 
into  arterial  and  venous  halves,  especially  in  the  regions  of  the 
conus  and  auricle. 

The  few  species  now  living  have  a  wide  and  discontinuous  distribution, 
and  are  the  remnants  of  a  much  richer  group  which  appeared  in  the 
paleozoic.  Monopneumonia,  with  one  swim  bladder :  Ceratodus  of  Aus- 
tralia. DiPNEUMONiA,  with  two  bladders :  Protopterus^  Africa ;  Lepido- 
siren, South  America.  Possibly  the  paleozoic  Arthrodira,  some  of 
gigantic  size  {Dinichthys),  belong  here. 


Class  m.  Amphibia. 

There  are  two  views  as  to  the  origin  of  the  Amphibia.  Accord- 
ing to  the  one  they  have  descended  from 
CroBsopterygian  ganoids  (and  this  seems  the 
better  supported);  the  other  is  that  they 
have  come  from  the  Dipnoi.  The  group  is 
distinguished  at  once  from  the  fishes  by  the 
absence  of  fins.  There  is,  it  is  true,  a  median 
fin  in  larval  life,  and  this  may  persist  (Peren- 
nibranchs,  Triton),  but  it  is  never  divided 
into  dorsal,  caudal,  and  anal,  and  it  lacks 
any  skeletal  support  (figs.  4,  5).  The  paired 
fins  are  replaced  by  pentadactyle  feet  (p.  529). 
These  are  often  webbed  and  are  nsed  for 
swimming;  they  are  also  used  for  creeping 
and  leaping,  and  are  consequently  jointed 
between  the  separate  skeletal  elements  (fig. 
610).  Besides  the  shoulder  and  hip  joints, 
which  alone  occur  in  fishes,  there  occur  also 
,  elbov^  (knee),  wrist  (ankle),  and  finger  joints. 
The  number  of  digits  ia  not  always  five,  for 
a  reduction  to  four,  three,  or  even  two 
occurs. 

The  connexion  of  the  girdles  with  parts 

of  the  axial  skeleton  (lacking  in  most  fishes) 

!  is  'of  importance.     The  pelvic  girdle  is  con- 

gSu'"o%.cl^wie"F;  nectedwith  the  vertebral  column  by  means 

m'iJ'rri-'inSSium';'!;  of  the  ilium,  which  articulates  either  directly 

^Su'tt'ild'corres^'ding  or  by  a  sacral  rib  with  the  single  sacral  ver- 

meiwiarpais  Bnd  digits.    ^^^y^^_     Ventmlly  the  two  hiilves  of  the  girdle 

fuse,  and  usually  the  limits  o£  ischium  and  pubis  cannot  be  traced. 

The  attachment  of  the  pectoral  girdle  is  less  firm  (fig.  504.  A). 

The  dorsal  portion,  the  scapula,  ends  free  in  the  musclea ;    the 

ventral,  differentiated  into  coracoid  and  clavicle,  is  often  connected 

with  the  steruam,  but  this  ia  not  connected  with  tbe  vertebral 

column,  since  the  ribs  are  too  short  to  reach  it.     The  sternnm  is 

frequently  connected  with  an  epistcrnum. 

The  vertebral  column  often  (Perennibrancha,  Perotremes, 
Gcecilians,  and  many  Stegocephali)  resembles  that  of  fishes  in 
nmphiccelouB  centra  and  persistence  of  notochord.  The  notochord 
maydisappear,  there  then  occurring  opisthocoetous (Salamandrina) 
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or  proccelous  centra  (most  Aniira).  There  is  also  an  articalation 
of  Bkull  with  YertebraJ  column,  rare  in  fishes  but  characteristic  of 
land  animals,  by  which  the  first  vertebra  (atlas)  becomes  distinct 
from  the  reel. 

The  skull  is  remarkable  for  the  extent  to  which  the  chondrocra- 
Dium  ia  retained  and  the  consequent  small  number  of  primary 
bones  (figs.  611,  612).     The  bones  of  the  orbital  region  are  repre- 


«fr 


Pio.  Sll.— Frog  sknll  rniDi  below.   (From  Wledenhelm.)    For  letters  see  fls-  S 


sented  by  a  pair  each  of  all-  and  orbi 
a  ring  of  bone,  the  sphenethmoid 
The  auditory  region  usually  contai 
only  exoccipitals.  The  absence  ot 
in  distinguishing  between  amphibi 


itosphenoids  in  the  urodeles,  by 

(OS  enceinture),  in  the  auura. 

ns  only  prootica,  the  occipital 

other  occipitala  ia  often  of  value 

and  reptilian  skulls,  since  in 


the  former  the  articulation  with  the  atlas  is  consequently  by  double 
occipital  condyles.  Of  secondary  cranial  bones  are  to  be  men- 
tioned the  nasals,  f rontals  (in  many  prefrontals  also),  and  parietals, 
the  latter  two  fnsed  in  annra  to  frontoparietals;  ventrally  the  large 
parasphenoida. 

The  cranium  is  increased  by  the  addition  of  the  large  quadrate 
cartilage,  which  becomes  applied  to  the  otic  capsule  and  (Anura) 
fuses  with  it,  while  the  reat  of  its  arch  (pterygoquadrate)  extends 
forward  in  a  more  or  less  complete  condition,  reaching  the  nasal 
capsule  in  the  Anura.  The  quadrate  cartilage  is  covered  externally 
by  the  squamosal  (paraquadrate),  and  supports  the  lower  jaw,  com- 
posed  of    Meckel's    cartilage    surrounded    by  membrane    bones 
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(dentary,  Bplenial,  angulare,  etc.);  its  articnlar  portion,  like  the 
quadrate,  being  rarely  tucompletely  OEsified.  Vomers,  palatines, 
and  pterygoids  appear  in  the  base  of  the  skull,  all  three  forming  a 
continuous  arch  in  the  Anura;  in  front  of  them  lie  the  premaxil- 


— ,— . — „-.    ^o(O)Cf),  occlpiUlct__, 

cnl,  columellSi;  d.  dentAry :  H  (e),  sph  en  ethmoid;  fii,  foramen  mngDam;  FP, 
froatoparletal  ;  Gk,  otic  CHpaule  ;  h'.h",  hyold  and  copula;  Jojugal;  Jf  (mX 
maiUlary  (in  lower  Jaw  ni  en  to-Meek  all  an  I ;  ink,  Mecliel'e  earlilaite:  S.  N\ 
naaal  capsule;  iio,  nasal ;  nb,  iig.  cartilaicea  from  whlnh  basl-  aud  supraoccipltAls 
arise  elsewhere  :  it  (Otall,  eiocclpltal ;  pf,  frontojarletal ;  Piil.  palatine ;  p  {PF\ 
palatine  arch;  Pmx.  premaxlllary :  Pfi,  prootlc;  Fs.  paraspheaold ;  Pt.  ptflrrBntd; 
Qu,  qoadrate:  QJu,  ]ugal;  w;.  BquamasBl;  Fo,  vomer.    CiLrtUageB dotted. 

laries,  and  in  most  cases  maxUlaries.     Between  the  hinder  end  of 
the  maxillaries  and  the  quadrate  there  may  be  a  gap  or  it  may  be 
bridged  by  a  jugal.     By  the  modification  of  the  quadrate  into  a 
^  suspensor  the   hyomandibular  loses 

its  function,  and  if  represented  at 
all,  it  is  as  part  of  the  columella. 
'  The  character  of  the  remaining  vis- 
ceral skeleton  depends  upon  the 
respiration  (fig.  613).  Where  gills 
occur,  the  copula  and  hyoida — repre- 
Fig.  61S.— Hinder  visoerai  skeleton  of  senting  body  and  comus — as  well  as 

(A)  larva  of  a.  salamander :  (fO  of  ,  =,  ;•  ,     ,      .       -  , 

toad.  (From  Oegenbaur.i  a,  body  four  gill  arches  are  present,  but  with 

of  hyold:  h,  anterior  horn  (hyold):  *  .      T         ,       ,        .■■ 

c.  rest  of  branchial  skeleton.  pulmouary  respiratiou  the  hyoid  ap- 

paratus is  reduced  to  a  hyoid  with  anterior  and  posterior  cornua, 
the  gill  arches  being  contained  in  the  posterior  horns. 

With  the  assumption  of  a  terrestrial  life  changes  occur  in  the 
sense  organs.  The  organs  of  tho  lateral  line,  which  occnr  in  all 
larTEB  and  are  persistent  in  the  aquatic  perennibranchs,  and  the 
nerves  which  supply  them,  disappear;  the  eyes  in  the  Salamandrina 
have  upper  and  lower  lids;  in  the  frogs  an  under  lid  {really  nicti- 
tating membrane).  The  nose  becomes  respiratory  and  is  provided 
with  choanffi  opening  into  the  mouth.  Especially  noteworthy  is 
the  auditory  apparatus.     This,  in  the  urodeles  and  csecilians,  is 
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very  primitive,  even  the  tympanum  being  absent,  bnt  in  the  Amira 
a   80  and -conducting   apparatus   appears. 
The  spiracular  cleft  persiEts  as  a  canal, 
opening   into  tbe-  pharynx  by   the   En- 

atochian  tube,  its  onter  end  expanded  into  ' 

the  tympanic  cavity  and  closed  externally  ■£ 

by  the  t}'nipanic  membrane,  supported  by 
the  cartilaginous  tympanic  aniiulus  (dot- 
ted circle  in  fig,  612,  B).     The  connexion 
of  the  labyrinth  with  the  tympanum  is 
by  an   opening  in  the  otic  capsule,  the 
fenestra   ovalis,  in   which   ie   the  stapes 
(?  part  of  capsnle),  the  columella  extend-  z 
ing  from  this  to  the  tympanic  membrane  j 
and  carrj'ing  the  sound  wnvea  acrosa  to 
the  inner  ear.     The  brain  (fig.  614)  has   ■ 
advanced  above  that  of  the  fisbcB  in  the 
stronger  development  of   the  cerebrum, 
but  remains  behind  iu  the  small  size  of  the 
cerebellum,  which  is  but  a  thin  lamella. 

The  respiratory  organs  afford  impor-  fio.  bw. -Brain  of  froK^.Une 
tant  characters,  since  both  gilla  and  lungs  cerebniiDi  Frh,  %bu  rh^- 
occur.  Of  gills  there  are  two  kinds,  inter-  i^JfftiJwW^^V^^iS^lllfSi,: 
nal  (found  only  iu  Auura),  of  entodermal  Td ^^^k^t^ipl^i'l 
origin,  and  ectodermal  gills,  external  in  ^"^  "t'^iJ't '""a'"' 
position  (figs.  4,  5),  occurring  in  all.  These  ectodermal  gills,  three 
in  number,  are  richly  vascular  and  arise  from  the  skin  at  the 
npper  part  of  the  gill  clefts.  The  paired  lungs  open  into  the 
hinder  part  of  the  pharynx,  either  directly  through  the  glottis  or 
more  rarely  by  a  short  trachea.  Cartilages,  the  remnants  of  gill 
arches,  may  support  trachea  and  glottis,  and  on  the  latter  support 
Yocal  cords  (larynx).  Breathing  is  accomplished  by  a  kind  of 
swallowing,  the  air  being  forced  into  the  lungs  by  the  muscles  of 
the  floor  of  the  mouth  and  the  pharynx.  Persistent  gills  and 
lungs  are  found  only  iu  the  Ferennibranchs.  Usually  the  young 
breathe  by  gills,  the  adults  by  Inngs,  the  origin  of  the  metamor- 
phosis to  be  described  below. 

Besides  gills  and  lungs  the  skin  is  an  important  respiratory 
organ,  as  are  pharynx  and  mouth  cavity,  in  which  the  air  must  re- 
main for  some  time  on  account  of  the  respiratory  mechanism.  This 
renders  intelligible  the  fact  that  many  Saiamandrina  {Spelerpes, 
DeKinognalhiis,    PUthodon,  Ot/rinopkilus,  etc.)  have  neither  gills 
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nor  luDga,  but  have  only  phaiyugeal  and  cntaneonB  reapiration. 
The  capillary  network  in  these  parts  is  greatly  developed  and  may 
extend  into  the  epithelium.  Thus,  also,  it  happens  that  in  the 
Anura  the  skin  receives  as  large  an  artery  as  the  lungs  (fig.  616,  cv). 

The  skin  is  thin  and  slimy  from  the  numerous  mucous  glands, 
which  not  iiifrequpntly  produce  a  poiaonoua  secretion  (so  called 
parotid  gland  in  the  ear  region).  The  epithelium  bears  a  thin 
horny  layer  which  at  intervals  is  moUed  as  a  continuons  sheet. 
The  derma  in  the  Anura  is  undermined  by  large  lymph  spaces, 
the  presence  of  which  makes  the  skinning  of  a  frog  such  an  eaey 
matter.  Ossifications  in  the  skin — enormously  developed  in  the 
fossil  Stegocephali — occur  but  rarely  (Gjmnophiona)  in  recent 
Amphibia.  On  the  other  hand  the  abnudauce  of  chromatophoref  is 
noticeable,  these,  under  the  influence  of  the  uervea,  clianging  their 
shape  and  thus  producing  color  changes  in  many  Amphibia. 

The  heart  (figs.  615,  61G)  has  two  auricles,  distinctly  sep- 
arated in  Anura,  a  right  with  venous  blood,   a  left  which  with 


hea  otsaUniander  larra.  (After  Boaa.)  o' a*,  right 
nuu  iBii  nurii;itw^  'v^  rtru^rial  trtiQk;  ad,  dnra&l  aorta:  OH.  left  aortic  nrcb;  Jy. 
direct  conneilcn  between  afferent  and  efferent  Artertea;  e,  carotid:  I.  atterant 
nrtery:  ji,  pulmonary  arlory:  r,  ventricle;  l-i,  afferent  arteries;  /'-)'.  gills. 
Fia.  Klfl.— Henrt  and  aruheB  of  frog  (dIagramV  n,  a,„  risht  and  left  anrlclea;  aa, 
ventral  aorta:  ad.  at.  right  anrl  left  aortic  archea  iradlces  aorta):  C  carotid;  ». 
cutaneun;  I,  llngualls;  j),  pulmonary  artery;  n,  aabctavlaD:  v,  ventricle;  w, 
verte brails:  i,  t, !.,  persUting  arches. 

pulmonary  respiration  receives  arterial  blood.     There  is,  however, 

but  a  single  ventricle,  and  the  arterial  trunk  is,  at  least  externally, 
single.  The  arterial  arches  show  diflerent  relations  and  have 
different  fates.  With  branchial  respiration  the  first  three  afferent 
and  efferent  arteries  are  connected  in  two  ways,  the  one  by  the 
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capillaries  of  the  gills,  the  other  direct  (fig.  615,  J).  In  the  fourth 
arch  there  is  no  gill  system,  but  on  the  other  hand  this  arch  gives 
ojff  the  pulmonary  arteries  {p)  to  the  lungs. 

With  the  loss  of  gills  (fig.  616)  the  third  arch  frequently  dis- 
appears entirely  (Anura),  as  well  as  the  gill  circulation  of  the 
others,  while  the  direct  circulation  persists,  at  least  in  part.  The 
first  arch  gives  rise  to  the  carotids,  supplying  the  head  (c) ;  the 
second  unites  with  its  fellow  of  the  opposite  side  to  form  the  dor- 
sal aorta;  the  fourth  forms  the  pulmonary  artery  and,  in  the 
Anura,  gives  oJff  a  cutaneus  artery  {cu)  to  the  skin.  A  longitu- 
dinal fold  inside  the  arterial  trunk  is  so  arranged  that  the  venous 
blood  from  the  body  coming  to  the  heart  through  the  right  auricle 
is  mostly  sent  out  through  the  fourth  arch  to  the  lungs  and  the 
skin,  while  the  blood  returned  from  the  lungs  by  the  pulmonary 
vein  passes  through  the  left  auricle  and  then  through  the  first 
and  second  arches  (carotid  and  aortic  arches).  So  there  is  here  a 
separation  of  pulmonary  and  systemic  circulations,  although  the 
blood  all  passes  through  a  common  ventricle. 

The  sexual  organs  (fig.  581)  are  similar  to  those  of  selachians. 
The  eggs  pass  from  the  ovary  to  the  oviducts  (Muller's  duct),  and 
in  this  are  enveloped  with  a  gelatinous  layer.  The  spermatozoa, 
on  the  other  hand,  pass  through  the  anterior  part  of  the  Wolffian 
body  (*  kidney ')  and  thence  out  through  the  ureter.  The  distinc- 
tion from  the  selachians  lies  in  the  fact  that  a  urinary  bladder, 
lying  ventrally  to  the  rectum,  is  present,  at  some  distance  from  the 
urinary  ducts,  which  open  dorsally  into  the  cloaca.  Besides  sexual 
organs  fat  bodies  frequently  occur,  lobed  and  often  brightly  col- 
ored structures,  best  developed  between  the  reproductive  seasons. 

A  sort  of  copulatioQ  occurs,  and  internal  impregnation  is  effected  in 
many  urodeles  and  in  the  Gymnopbiona,  but  not  in  the  Anura.  The  Anura 
and  most  other  forms  are  oviparous,  but  occasionally,  as  ScUajnandra 
maculosa  and  S.  atra  of  Europe,  viviparous  species  occur.  Many  inter- 
esting brooding  habits  are  known.  The  male  of  Alytes  chstetricana  wraps 
the  cords  of  eggs  about  his  legs  and  crawls  into  a  hole  until  the  young  are 
hatched,  while  the  females  of  Amphiuina  and  Iditliyophis  watch  over  the 
eggs.  The  male  of  Rhinoderma  darwinii  has  a  large  sac  arising  from  the 
pharynx  in  which  the  eggs  and  young  are  cared  for  until  the  completion 
of  the  metamorphosis.  In  Pipa  americana  the  male  places  the  eggs  on  its 
back,  the  skin  thickening  around  them  so  that  each  lies  in  a  separate 
pocket,  from  which  the  young  escape  at  length  in  nearly  the  adult  form. 
In  Nototrejna  and  Notodelphya  there  are  dermal  sacs  upon  the  back  for  the 
reception  of  the  eggs. 
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The  development  of  the  Amphibia  possesses  special  interest, 
since  it  affords  the  only  easily  obserrable  instances  of  a  metamor- 
phosis among  the  vertebrates.  This  metamorphosis  is  the  more 
marked  the  wider  the  adults  are  from  the  fishes.  In  the  AiHira  a 
larva,  the  tadpole  (fig.  4)  escapes  from  the  egg.  It  lacks  langs, 
but  has  three  pairs  of  external  gills,  no  legs,  but  a  swimming  tail 
with  a  fin-like  fold.  In  the  metamorphosis  the  gills  and  tail — ^larval 
organs — ^are  lost,  while  lungs  and  legs  are  formed.  A  complica- 
tion is  introduced  into  the  metamorphosis  in  that,  for  a  time  after 
the  loss  of  the  external  gills,  internal  branchisB,  lying  in  gill  slits, 
occur.  These,  however,  are  not  visible  from  the  exterior,  since  a 
fold  of  skin  grows  back  over  them,  thus  forming  a  cavity,  t]ie 
atrium,  into  which  the  gill  slits  open,  and  which  in  turn  opens  to 
the  exterior  by  an  opening  (rarely  paired),  usually  on  the  left  side 
(fig.  617).     In  the  tailed  forms  the  metamorphosis  is  simplified. 


Fio.  617.— side  view  of  tadpole,  e,  eye;  0,  opening  of  atrium;  U  bind  leg;  m,  mouth; 

r,  vent. 

usually  consisting  in  the  loss  of  the  external  gills  and  sometimes 
in  the  change  of  form  of  the  tail,  which  may  lose  its  fin  fold  and 
become  cylindrical.  The  last  traces  of  a  metamorphosis  disappear 
in  the  perennibranchs,  where  lungs  occur  and  the  gills  persist 
(Siren  is  said  to  lose  the  external  gills  and  then  re-form  them).  In 
the  Auura  the  metamorphosis .  i^  lost  when,  as  in  Hylodesmar- 
tiniceyisisy  the  whole  development  occurs  in  the  egg,  the  young 
hatching  in  the  adult  form. 

Order  I.  Stegocephali. 

Extinct  forms  with  well-developed  tail,  numerous  membrane 
bones  in  the  skull,  and  frequently  a  bony  armor,  at  least  on  the 
ventral  surface.  Some  were  of  gigantic  size,  and  some  from  the 
folded  condition  of  the  enamel  of  the  teeth  are  known  as  Laby- 
rinthodonta.  The  group  appears  in  the  carboniferous  (footprints 
in  the  Devonian),  and  died  out  in  the  trias. 
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Order  n.  Gymnophioiu  (Caeciliae,  Apoda). 

These  are  the  nearest  of  living  forms  to  the  Stegocephali, 
but  fossils  are  entirely  unknown.     The 
group  is  exclusively  tropical,  occurring 
in  Ceylon,  African  islands,  and  America, 
a  discontinuous   distribution    indicative 
of  great  age.     They  are  burrowing  ani- 
mals and  feed  on   small   invertebrates. 
As  a  result  of  this  subterranean  life  the 
eyes  are  small  and  concealed  under  the 
skin,  the   legs  are  entirely  lost,  so  that 
the  animals  are  snake-like  in  appearance. 
In  the  skin  there  are  usually  small  bony 
scales;  the  drum  of  the  ear  is  lacking; 
the  vertebrae  are  amphicoelous.     Inside 
the  egg  many  species   have  three  pairs 
of  beautifully  feathered  gills  (fig.  618),  a 
proof  of  their  pertinence  to  the  Am-  ^^,Z^i^oL  g52?2?^ 
phibia.     Later,  for  a  time,  there  is  an     Sarasms.) 
external  gill  opening  which  finally  closes.      IchthyophiSy  Ceylon; 
Hypogeophis^  Seychelles;  CcBcilia,  America. 

Order  III.  Urodela  (Gradientia). 

Of  recent  forms  of  Amphibia  the  urodeles  are  the  most  fish- 
like. The  vertebral  column  consists  of  numerous  vertebrae,  and 
of  these  a  large  part  are  behind  the  sacrum  and  consequently 
belong  to  the  tail.  Bibs  are  present,  but  so  short  that  they  do  not 
reach  the  sternum,  which  is  weakly  developed  or  is  entirely  absent. 
Tympanum,  and  Eustachian  tube  are  entirely  lacking,  as  are  the 
vocal  chords  and  the  production  of  sound. 

Sub  Order  I.  PERENNIBRANCHIATA.  Two  or  three  gill  slits,  three 
bushy  gills,  and  a  swimming  tail  persist  throughout  life.  Nectwus,*  mud 
puppy,  with  legs  and  two  gill  slits.  JSireti^*  three  gill  slits,  hind  legs  lack- 
ing.   Proteus,  of  Austrian  caves,  much  like  Necturu^^  but  nearly  blind. 

Sub  Order  II.  DEROTREMA.  External  gills  lost,  but  an  opening  in 
the  neck  leading  to  the  gill  slits.  Menopoma*  (Oryptobraiichus),  hell- 
bender, legs  strong  ;  Amphiuma*  legs  rudimentary. 

Sub  Order  III.  SALAMANDRINA  (Myctodera).  After  the  loss  of  gills 
the  gill  slits  close.  Amhlystoma*  remarkable  for  the  length  of  time  the 
larvae  retain  their  gills,  A.  tigrinum  (fig.  5)  and  the  Mexican  axolotl  even 
breeding  in  the  larval  stage.  The  adult  of  the  true  axolotl  is  unknown. 
Plft/ifHhfij*  Spelerpes*    The  European  Salamandra  atra  and  8.  macu- 
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lata  are  viviparous,  the  former  undergoing  its  metamorphosis  inside  the 
mother. 

Order  IV.  Anura. 

The  anura  have  the  compact  bodies  familiar  in  frogs  and  toads, 
with  a  small  number  (7-9)  of  trunk  vertebras  and  complete  absence 
of  tail ;  the  caudal  vertebrae  being  represented  by  a  long  bone,  the 
urostyle.  Ribs  are  sometimes  distinct,  sometimes  fused  to  the 
transverse  processes;  the  limbs  are  larger  than  in  other  Amphibia, 
and  are  frequently  used  for  leaping  and  climbing.  Ear  drum  and 
tympanic  membrane  are  lacking  only  in  the  Pelobatidaa;  their 
presence  is  correlated  with  the  existence  of  vocal  cords  and  the  pro- 
duction of  sound.     The  metamorphosis  includes  a  tadpole  stage. 

Sub  Order  I.  AGLOSSA.  Toad-like  anura  with  degenerate  tongue  and 
unpaired  opening  of  the  Eustachian  tube.  Pipa  (p.  585),  South  America ; 
Dactylethra^  Africa. 

Sub  Order  II.  ARCIFERA.  Tongue  present,  Eustachian  tubes  widely 
separate,  coracoids  of  the  two  sides  overlapping.  BuFONm^,  toads,  tooth- 
less ;  Bu/o,*  the  dermal  glands  poisonous.  Pelobatid^,  with  teeth, 
usually  no  tympanum.  JSoaphioptis,*  burrowing  toad,  with  tympanum. 
HYUDiE,' tree  toads,  toothed  ;  tips  of  toes  with  sucking  discs  ;  Hyla*Acris* 

Sub  Order  III.  FIRMISTERNIA.  Tongue  present,  Eustachian  tubes 
distinct,  coracoids  firmly  united  in  the  middle  line.  RANm^,  frogs. 
Rana  cateMana*  bull  frog,  the  largest  frog  known  ;  numerous  other 
American  species. 

Series  II.  Amniota. 
Vertebrates  with  amnion  and  allantois  (p.  554)  in  embryonic 
life;  with  the  pro-  and  mesonephros  functional  only  in  the  em- 
bryos, and  replaced  in  the  later  stages  by  the  trae  kidney  (meta- 
nephros) ;  ducts  of  the  embryonic  excretory  system  retained  only 
so  far  as  they  have  genital  functions;  gill  slits  appearing  as  trans- 
itory structures,  but  without  gills  and  never  functional.  There 
are  two  great  divisions  of  the  Amniotes,  the  Sanropsida  and  the 
Mammalia.  The  Sauropsida  include  the  Ileptilia  and  the  Aves, 
which  agree  with  each  other  and  differ  from  the  mammals  in 
having  a  single  occipital  condyle,  the  quadrate  acting  as  suspensor 
of  the  jaws  ;  ankle  joint  between  the  first  and  second  rows  of 
tarsals;  the  presence  of  epidermal  scales,  nucleated  red  blood 
corpuscles,  and  a  cloaca. 

Class  I.  Reptilia. 

On  account  of  similarity  of  form,  the  reptiles  and  Amphibia 
were  long  united.  They  form  parallel  groups:  urodeles  and  liz- 
ards, frogs  and  turtles,  caecilians  and  snakes.      Hence  the  points 
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of  distinction  mnst  be  emphasized.  The  moat  important  are  two: 
the  reptiles  belong  to  the  Amniota  and,  as  snch,  have  the  om- 
bryoriai  features  of  the  group;  second,  although  often  aquatic, 
they  are,  in  the  entire  absence  of  branchial  respiration,  in  character 
of  skin  and  skeleton,  in  their  entire  stmcture,  like  the  true  land 
auimals. 

The  skin,   the  better  to  withstand  desiccation  by  the  air,  is 
atrongly  comified,  so  that  in  the  epidermis  a  many-layered  stratnm 
coracnm  and  a  many-layered   stratum  Malpighii   can   be   distin- 
g'uished.     At  the  tips  of  the  toe^  the  stratum  corneum  develops 
strong  claws.     Farther  protection  is  afforded  by  the  thick  derma, 
often  capable  of  being  tanned  into  leather,  in  which  not  infre- 
quently bony  plates    occur.     Dermal  glands  are  very  rare,  the 
femoral  pores  of  the  lizards  (fig.  6S6,  U),  which  appear  like  the 
ducts  of  glands,  being  produced  by  the  ends  of  comified  epithelial 
cones.     The  axial  skeleton,  both  skull 
and  vertebral  column,  is  nearly  always 
ossified;  only   exceptionally    {Spheno- 
don  and   the  amphiccele  Ascalabotse) 
are   considerable  parts  of   the  noto- 
chord   retained.      The   yertebrre   are 
usoally  proccelous. 

In  the  skull  of  reptiles  (as  in  the 
allied  birds)  are  many  characters 
which  they  share  with  Amphibia  and  •' 
which  distinguish  them  from  mam- 
mals. This  is  especially  the  case 
with  the  visceral  skeleton.  As  in 
the  Amphibia,  the  hinder  end  of  the 
pterygoquodrate  is  attached  to  the 
otic  capsule;  the  quadrate  is  ossified 
and  affords  the  articulation  for  the  , 
lower  jaw,  which  is  composed  of  many 
bones.     Thesquamosal  lies  atthe  base  *  „ 

,  ,,  ji      .  ji     ■      ■!       £■  .         Fw.  SIB.— VentraWiewof  BkuUof 

of  thcqnadrate  and,  m  the  bquamata,     ivnubionixiu.    (From  wieders- 

■    J.  1    i    1      u    1  -i.  1    iu  hefro.)  fip.basfocelpltaljAi.baal- 

lS    mtercalutcd    between    it   and  the     sphenoi^On  front  also  pnniBphe- 

cranium.       Uehmd  it    IStheCOmmclla,       condyles:  f;i)i,ethmuldcartil!u(e; 

its  inner  end  inserted  in  the  fenestra     jrf,  inni[ma'rj';"iuTiimrii)it«i"'i'' 
ovalis.    Fromthequadratethepnlatine     K'ne^^'vi^'^  ■'^'"axuia"'-^'^ 
series  of  boiies-ptorygoid,   palatine,     E;S7.^Cl;lJ;^-tr2n"S:?;?;u"in;^ 
vomer — extends  forward,  these  being     ™™":  j(.  optic  foramen. 
frequently  toothed;   and  in  front  of  and  parallel  to  it  the  pre- 
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maxillaries  and  maxillaries.  Extremely  characteristic  of  the 
reptiles,  the  turtles  excepted,  is  an  os  transyersum,  which  appears 
in  no  other  vertebrates.  It  extends  from  the  hinder  end  of  the 
maxillary  to  the  pterygoid  (figs.  619,  626,  627,  630,  Ts,  tr).  A 
jugal  is  also  frequently  present.  Of  the  other  visceral  arches, 
since  gills  are  lacking,  only  the  hyoid  bone  and  laryngeal  carti- 
lages persist. 

In  the  cranium  the  complete  ossification  of  the  occipital  region 
is  noticeable,  the  four  occipital  bones  being  present.  The  basi- 
occipital  forms  the  larger  part  of  the  single  occipital  condyle,  in 
which  parts  of  the  exoccipitals  participate,  the  single  condyle 
being  the  sharpest  distinction  between  the  reptilian  and  amphibian 
skull.  The  basisphenoid,  which  lies  in  front  of  the  basioccipita!, 
has  an  anterior  process  or  rostrum,  representing  the  rudimentary 
parasphenoid  (possibly  presphenoid).  Above,  the  skull  is  roofed 
in  with  membrane  bones :  parietals  (frequently  fused  and  perforated 
by  the  parietal  foramen  for  the  pineal  eye),  f rentals,  nasals,  as 
well  as  pre-  and  postfrontals  and  postorbitals,  and  usually  lachry- 
mals as  well. 

The  ethmoidal  region  is  largely  cartilaginous ;  ali-  and  orbitosphenoids 
are  small  and  variable.  Only  the  prootic  is  constant  in  the  otic  region  ; 
epiotic  and  opisthotic  usually  fusing  with  the  occipitals,  the  opisthotic 
being  large  and  distinct  only  in  the  turtles.  The  zygomatic  arch  (lost  in 
snakes)  is  formed  of  jugal  and  quadrat ojugal,  while  above  it  may  be  a 
second  arch  formed  of  postorbital  and  squamosal. 

The  convex  occipital  condyle  forms,  with  the  concave  surface 
of  the  first  vertebra  (atlas),  an  articulation  for  motion  in  the  ver- 
tical plane  and  lateral  motions,  while  a  twisting  around  the  long 
axis  of  the  body  is  permitted  by  the  joint  between  the  atlas  and 
the  second  vertebra,  the  axis  or  epistropheus.  The  atlas  is  a  bony 
ring,  its  centrum  having  separated  and  united  with  the  body  of 
the  axis,  forming  a  pivot  around  which  the  atlas  turns.  There  are 
two  sacral  vertebrae,  and  the  vertebrae  of  the  trunk  are  divided  into 
thoracic  and  lumbar,  the  former  bearing  long  ribs  which  reach  to 
the  sternum,  while  the  shorter  ribs  of  the  neck  end  freely. 

Limbs  are  lacking  in  snakes  and  some  lizards.  When  present 
the  number  of  digits  varies  between  three  and  five  (usually  four  or 
five).  In  the  pelvis  ischium  and  pubis  are  separated  by  an  obturator 
foramen  and  are  united  with  the  corresponding  bones  of  the  oppo- 
site side  by  a  double  symphysis.  In  the  shoulder  girdle  scapula 
and  coracoid  alone  are  constant,  a  clavicle  occurring  in  turtles  and 
lizards,  in  the  latter  an  episternum  (fig.  564)  as  well.  Of  con- 
siderable systematic  importance  is  the  position  of  the  ankle  joint 
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This  is  intertarsal  in  character,  in  that  it  ocean  between  the  first 
and  Becond  rows  of  tarsal  bones  (fig.  636,  C). 


Fid.  mo.— Vtooent  of  AlUK>tor.  (Froto  Wledenheim.)  ER  rectDin  i  H,  hurt;  L. 
llTer:  La.lungi  M.  Momoch:  HI),  InUatinfl :  Ue.  nsupliuua;  P.  pylorus:  IVt 
trachea ;  ZBTooAj  of  hfold;  ZH,  U&  cornaa  ;  *,  perloraflonB  vl  bjold. 

Since  reptiles  lack  even  transitory  gills,  the  gill  slits  are  com- 
pletely degenerate  before  the  young  escapes  from  the  egg.     Dermal 
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respiration  is  far  lees  important  than  with  the  Amphibia,  Inngs, 
as  in  birds  and  mammals,  being  the  respiratory  organs,  and  in 
these  a  progressive  development  may  be  followed.  The  larynx  \i 
followed  by  a  trachea  vith  cartilage  supports  in  its  wall,  and  this 
either  opens  directly  into  the  two  lungs  or  divides  into  two  bronchi, 
which,  in  Varanua,  may  divide  again  inside  the  lungs.  The  Inngs 
in  the  more  primitive  forms  are  subdivided  only  peripherally,  but 
in  the  higher  groups  the  whole  is  chambered,  partitions  extending 
inwards  to  the  intrapulmonary  bronchns. 

Since  the  respiration  is  entirely  pulmonary,  the  heart  is  divided 
into  a  left  arterial  and  a  right 
venous  half,  and  a  corresponding 
Beparatt on  of  systemic  and  pulmonary 
blood-vessele  occurs  (fig.  621).  The 
two  auricles  are  completely  separated, 
while  a  septum  extends  into  the  ven- 
tricle, complete  in  the  crocodiles, 
butnotinturtles,  lizards,  andsnakee. 
Yet  even  in  the  crocodiles  a  mixing 
of  arterial  and  vcnons  blood  occurs 
since  in  the  large  aortic  trunks  which 
arise  from  both  ventricles  a  commu- 
nication, the  foramen  Panizzfe,  per- 
sists. The  arterial  trunk  is  divided 
by  internal  partitions  into  three  ves- 
sels, which  are  but  rarely  visible  from 
the  exterior.  One  of  these  arises 
from  the  right  ventricle,  carries 
venous  blood,  and  takes  over  the 
fourth  arterial  arch,  which  gives  off 

..the   pulmonary   arteries  (^,  p).    A 

i,n°!'ru^taDdiBn  sccoDd  vessel  ariscs  from  the  right 
right'^ftQri'etraudcuio'-Veutrlcaiar  ventricle,  is  puFcly  arterial  and  con- 
?u!Mkn9^T^"^"riKL*Ind^en  "Si  nects  with  moat  of  the  remaining 
tt'on'^nf*^the'^M™V'flc>"^)^"i'*f^*t  arterial  arches,  the  first,  which  gires 
*'^''Jfv.P'""fi^'''?i."''*?,J'''°^!^^  oft  the  carotid,  and  the  right  halt 

amL^hlbla.    Notice  the  orl^n  oi  tne  '  '^ 

TesaeU   from   the   henrt,  and  tbe  (aortic      arch,     ad)      of      the     SeCOnd 

tween  the  arterial  Crunk  and  tlie  arch.       The  third  VeSScl   connects  on 
left  aoMIc  arch,  just  tn  front  of     ,  ,         ,         .,,       ,, 

the  heart.  the  One  hand   with  the  remammg 

(left,  second)  arch  and  on  the  other  with  the  right  or  venous  half 
of  the  heart.  The  foramen  Panizza  occurs  between  this  and  the 
right  aortic  arch. 
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The  venous  character  of  the  left  aortic  arch  and  the  incomplete 
ventricular  septum  (or  presence  of  foramen  PanizzaB)  prevent  a 
complete  separation  of  systemic  and  pulmonary  circulations.  In 
the  turtles  a  third  clement  enters,  the  persistence  of  a  ductus 
Botalli  (as  in  TJrodeles,  fig.  680,  i/,  dB). 

To  the  foregoing  adaptations  to  a  terrestrial  life  may  be  added 
indications  of  higher  development.  The  brain  shows  two  advances. 
The  cerebellum,  especially  in  turtles  and  alligators,  has  be- 
come large,  and  the  cerebrum  grows  dorsally  and  backwards  over 
the  'twixt  brain  and  forms  the  temporal  lobes  of  the  hemispheres. 
The  parietal  organ  is  developed  as  nowhere  else.  In  many  lizards 
it  forms  an  unpaired  dorsal  eye  lying  beneath  the  skin  in  the 
parietal  foramen.  The  paired  eyes  possess  lids  (usually  upper  and 
lower  as  well  as  a  nictitating  membrane),  and  frequently  (turtles, 
lizards,  and  many  fossils)  a  ring  of  bony  plates  (sclerotic  bones) 
in  the  sclera.  A  new  opening  in  the  petrosal,  the  fenestra  rotunda, 
places  the  tympanic  cavity  and  the  labyrinth  in  close  relations. 

In  the  excretory  system  amniote  characters  prevail.  The 
Wolffian  body  with  its  duct  is  functional  in  the  embryo.  Later 
there  arises  behind  it  the  permanent  kidney  (metanephros)  with 
the  ureter,  while  the  embi7onic  structures  disappear  with  the  ex- 
ception of  those  retained  as  accessory  to  the  genital  apparatus. 

Thus  in  the  male  the  vas  deferens  and  epididymis  are  formed 
from  the  Wolffian  duct;  in  the  female  the  Miillerian  duct  (early 
lost  in  the  male)  becomes  the  oviduct.  Usually  the  urogenital 
canals  open  dorsally  in  the  cloaca,  rarely  in  an  elongation  of  the 
urinary  bladder  (Chelonia).  This  latter  is  lacking  in  snakes  and 
crocodiles. 

Almost  all  reptiles  lay  eggs;  only  in  the  Squamata  (some  snakes 
and  lizards)  are  viviparous  or  ovoviviparous  forms  present.  The 
eggs  much  resemble  those  of  birds,  in  that  the  large  yolk  is  sur- 
rounded with  a  layer  of  albumen  and  enclosed  in  a  fibrous,  often 
calcified  shell.  To  open  the  egg  the  embryo  has  an  ^gg  tooth  on 
the  tip  of  the  snout;  this  consists  of  dentine  in  the  Squamata,  but 
elsewhere,  as  in  birds,  is  horny.  From  these  relations  it  follows 
that  internal  impregnation  must  occur;  the  eggs  undergo  a  discoidal 
(meroblastic)  segmentation.  Copulatory  organs  to  accomplish 
this  internal  fertilization  occur,  and  these  are  of  classificatory  im- 
portance, since  they  differ  in  character  in  the  Squamata  on  the  one 
hand,  the  turtles  and  crocodiles  on  the  other.  These  differences 
are  correlated  with  differences  in  the  form  of  cloacal  opening  and 
in  structure  of  skull  and  skin,  so  that  all  living  species  may  be 
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divided  into  two  groaps,  the  Lepidoeanria,  containing  the  lizards, 
snakes  and  Sphenodon,  and  the  Hydrosauria  with  turtles  and  croc- 
odiles. This^  however,  ignores  the  fossil  forms.  When  these  are 
taken  into  consideration  another  grouping  must  be  adopted. 

Order  I.  TheromorphA. 

Extinct  reptiles  from  the  Permian  and  triassic  which  are  closely  re- 
lated to  the  stegocepbalous  amphibia;  with  amphiooelous  vertebne,  im- 
movable qaadrate,  and  from  two  to  six  sacral  vertebrae.  The  Anomodon- 
TLA,  with  partial  or  complete  loss  of  teeth,  stand  near  the  turtles,  while 
the  Theriodonta,  in  which  a  heterodoDt  dentition  is  developed,  resemble 
in  this  and  some  other  respects  the  mammals,  which,  by  many,  are  sup- 
posed to  have  descended  from  them. 

Order  II.  Plesiosanria. 

Extinct  aquatic  forms  from  the  triassic  to  the  cretaceous,  some  forty 
feet  in  length.  They  had  long  necks,  and  the  limbs  were  modified  into 
swimming  paddles  recalling  the  flippers  of  the  whales.  The  quadrate  was 
immovable,  and  the  jaws,  with  numerous  teeth  in  sockets,  were  long. 

Order  m,  IchthyoeaiiriA. 

These  forms  resembled  the  Plesiosaurs  in  skin,  swimming  feet,  elongate 
jaws,  and  quadrate,  but  had  the  teeth  (sometimes  absent)  in  grooves  rather 


Fio.  622.— Restoration  of  Plesiosaur,    (After  Dames.) 

than  in  sockets,  and  short  necks.    Some  species  at  least  were  viviparous. 
Their  range  in  time  was  like  that  of  the  preceding  order. 

Order  IV.  Chelonia  (Testadinata). 
The  turtles  form  in  external  appearance  a  sharply  circumscribed 
group,  with  the  short  and  compact  body  enclosed  in  a  bony  case, 
from  which  only  head,  tail,  and  legs  protrude  (fig.  623).  The 
case  consists  of  a  convex  dorsal  portion,  the  carapace  and  a  flat- 
tened ventral  plastron,  the  two  being  united  in  most  forms  at  the 
margins.  Each  consists  of  bony  plates,  the  positions  and  names 
of  which  may  be  learned  from  the  adjacent  cut.  It  only  needs 
mention  that  the  neural  plates  are  united  with  the  spinous  pro- 
cesses, the  costals  with  the  ribs,  and  that  the  entoplastron  iB  re- 
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garded  As  an  epiBtemum.  It  is  not  coDaected  with  the  internal 
skeletoD,  since  the  sternum  is  lacking.  The  pelvis  is  only  rarely 
fused  with  the  plastron.  This  bony  case  is  usually  covered  with 
homy  shields,  their  number  and  arrangement  nsuallj  agreeing 
with  the  plates  of  the  caee,  nlthougli  without  their  contours  exactly 
coinciding. 

More  important  are  the  great  firmnees  of  the  skull  and  the 
immovable  condition  of  the  quadrate,  the  lack  of  an  oa  transver- 
Slim  and  of  any  but  basisphenoid  of  the  sphenoidal  bones,  and  by 


Fio.  aaa.— CurapaceMlninl  HUatron  (inof  TartiMloffrrFW.  (From  Wlederehelm.)  C. 
costal  plates :  ^.',  entuiilu-tron  :  K|i.  epIplHHtran:  H.  posterior:  H|>.  hypoplutron: 
Htf.  hyuplaatron  :  M,  marntnal  plates  ;  A'.  neuraL  plate*  ;  Up,  nuchal  plate  :  Pii, 
pysal  pLatc  :  H.  ribs  :  V.  anterlur  :  XI.  xlphisterniiia. 

growth  forward,  and  backwards  by  which  the  girdles  are  brought 
inside  the  ribs.  The  teeth  are  entirely  lost,  and,  as  in  birds,  the 
jaws  arc  enclosed  in  sharp  homy  beaks,  in  many  cases  efficient 
weapons  against  larger  vertebrates.  The  cloacal  opening  is  oval, 
its  major  axis  corresponding  to  that  of  the  body,  and  in  its  anterior 
end  is  an  unpaired  erectile  penis  used  in  copulation.  Turtles 
appeared  in  the  Permian,  and  the  group  has  persisted  until  now. 

Characters  of  armor  and  legs  serve  to  coiilrHst  sharply  the  land  and 
sea  turllea;  the  first  with  well -(level  oped  legs,  five-toed  in  fronl,  tour- 
toed  behind,  the  toes  with  clxn-s;  the  cHrapaee  arched,  into  which  legs, 
bead,  and  tail  may  be  reirticted.  In  the  sea  tnntes  the  feet  nre  dipper- 
like (fitr.  834),  claws  mostly  absent,  and  the  carapace  weakly  united  to  or 
free  from  the  plastron,  But  anil  iricnpnble  oF  covering  bead  or  appeudnges. 
The  fresh-water  species  are  iiitiTmediaie  in  position. 

Sub  Order  I.  ATHECA.  Cnnipace  of  numerous  mosaic  scales  and  not 
connected  with  ribs  and  veriebne;  skin  lenlliery.  Dermochelya  (Sphargu) 
coriacea.*  the  leather-back  tortoise  of  warmer  seas,  reaches  a  weight  of 
ISOO  pounds. 


Sub  Order  II.  TRIONYCHIA.  Fresh-water  forms  with  poorly  ossified 
cnrnpHce,  but  ribs  and  fertebrra  connected  with  i(.  Our  leather  turtles 
(Amyda*)  and  soft-sbelled  turtles  (Aspidontctts*)ot  sarage  habits  belong 
here.  . 

Sub  Order  III.  CRYPTODIRA.  Carapace  well  developed  and  united 
witli  ribs  and  vertebrae,  but  the  pelvic  arch  free.  The  species  are  numer- 
ous, including  terrestrial,  fresh-water,  and  marine  forms.  Cuelydrid^, 
frosb  water,  tail  long.    Chelj/dra  serpentina,*  eaappingtartloiMac/irochdyt 


Pis.  ti4.—Srflmochelgt  imbritala,  torlolie^bell  turtle.     (From  Hajek.) 

laeertina,*  alligator  turtle.  Cbklonida,  marine,  paddle-like  feet.  Tha- 
laxsoclieli/s  carelta*  loggerhead;  Chelone  mydaa*  green  turtle,  the  favoriie 
of  epicuiea;  Eretmochdya  imbricata,  whose  horny  shields  furnish  tortoise 
shell,  Testudinid*,  terrestrial,  including  Xerobates,"  the  'gopher  tunle" 
of  the  South,  the  giant  Teatudoo!  the  Galapagos  Islands,  and  the  enormous 
fossil  Coioasochdys  atlaa  of  India,  18-20  feet  long,  8  feet  high.  Other 
families  contain  our  mud  turtles  (Kinoaternon*),  box  turtles  (C£stu<fo*), 
and  terrapins  (Malademmya  *). 

Suh  Order  IV.  PLEURODIRA.    Pelvis  united  to  carapace  and  plastron. 
All  belong  to  the  southern  hemisphere. 

Order  V.  RhynchocephaUa, 
These  resemble  the  lizarda  not  only  in  body  form  (four  five- 
toed  feet)  and  in  scaly  skin,  but  in  certain  anatomical  matters  as 
well:  lack  of  hard  palate,  presence  of  epipterygoid,  transTerse 
cloacal  opening,  and  Jieart,  lunga,  and  brain.  On  the  other  band 
they  recall  the  crocodiles  in  having  two  postorbital  arches  and 
immovable  quadrate.  The  largo  abdominal  sternum  and  abdominal 
ribs  are  noticeable  as  well  as  the  uncinate  processes  of  the  true 
ribs.  The  notochord  is  but  incompletely  replaced.  The  group 
appears  in  the  Permian  and  is  thus  one  of  the  oldest  of  reptilian 
types,  and  is  usually  regarded  as  ancestral  to  all  the  orders  yet  to 
be  mentioned.  The  only  living  species,  Sphenodon  (Haileria) 
punctata,  belongs  to  the  New  Zealand  region. 

Order  TI.  Dlnoaauria. 
This  order  included  some  of  the  largest  land  animals  which  have  erer 
existed.    Some  of  them  were  from  forty  to  one  hundred  feet  long  and 
twelve  to  tweaty  feet  high  (AmphUxeliaa,  Camarasaurut).    In  soum  then 
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was  &a  exoskeleton,  some  of  the  pl&Cea  of  which  in  the  stegosaurs  measured 
a  ysrd  across.  Among  tlie  characters  of  the  group  are  ibe  flied  quadrate, 
jugal  and  poatorbital  archea,  three  to  ten  sacral  vertebra,  and  ilium 
elongate  in  front  of  aod  behind  the  acetabulum.  Some  of  these  forms 
(Orthopoda)  In  ptieumatiuity  of  bones,  in  having  the  pubic  bones  directed 
backwards,  and  in  the  formation  of  an  intratai'Sal  joint,  resembled  the 
birds,  and  have  been  regarded  as  the  ancestors  of  that  group.  The  Dino- 
saurs were  confined  to  mesozoic  time. 


Order  VII.  Sqwunata  (Lepidossuiia,  PUgiotremata). 
One  of  the  characters  which  anite  lizards  and  snakea  and  which 
has  given  the  name  Plagiotremata  ia  the  transverse  form  of  the 
cloacal  opening  (fig.   625),  behind  which,  in  the  male,   are  the 


(From  LndwlK-Leanls.)  i^ 

»-  »„.  «.« — ..,-  ....^...  .<,    «,.,  _..,,.,. V  .  «p.  artScnlfcre  ;  co.  ep^ pterygoid  ; 

cr,  coTOQold  :  d.  dcnUrr  ;  fr,  frontal ;  j.  Jugal  \  In.  iBChrymal ;  m,  muilllary  ;  no. 
Dual;  p,  pOBtorbltal,  BlwTe  uid  behind  It  the  pnrletal:  pt.  prefrontal;  pr,  pre- 
mailUa ;  pi,  pterygoid  ;  g,  quadrate  ;  ^,  quadrafojugal ;  »),  tquamoul ;  tr,  trans- 
paired  copulatory  organs,  each  lying  in  a  sac  from  which  they  can 
be  CTerted  like  the  finger  of  a  glove.  The  names  Squamata  and 
Lepidosanria  refer  to  the  scaly  condition  of  the  skin.  These 
scales  arc  homy  stractures  and  somewhat  distinct  from  the  bony 
scales  of  fishes.  The  derma  forms  flattened  papillsa  which  resemble 
the  scales  of  fishes  in  that  in  many  species  they  contain  bony 
plates.  These  papilla  determine  the  character  of  the  epidermis. 
Since  the  stratnm  comenm  is  especially  thick  on  the  top  of  the 
papillfe  and  thinner  between  them,  rhomboid  and  oval  plates  occur, 
which  either  lie  flush  with  each  other  (shields)  or  overlap  like 
shingles  (scales).  The  rule  is  that  the  head  is  covered  with  regu- 
larly arranged  shields,  each  with  its  name,  the  trunk  with  scajee 
in  longitudinal,  transverse,  and  oblique  lines.  Outside  these  is  a 
layer  of  cornified  cells,  the  pseudocuticula,  and  outside  of  all  an 
inconspicuouB  true  cuticle.     Since  all  cornified  cells  are  dead  and 
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require  periodic  removal,  the  horny  layers  are  cast  yearly  and  re* 
placed  by  new.  During  this  periodic  molting,  whicli  recalls  that 
of  arthropods,  the  animals  are  sickly  and  apt  to  die  in  captivity. 

All  Squamata  are  characterized  by  the  slenderness  of  the 
cranial  bones  (fig.  619,  626,  627),  which,  especially  in  the  Lacertilia, 
incompletely  close  in  the  cranium.  The  quadrate  is  movable* 
and  the  squamosal  is  intercalated  between  it  and  the  cranium.  A 
hard  palate  is  lacking,  and  the  choanaB,  as  in  the  amphibia,  lie  far 
forward  (fig.  619,  Ch).  There  is  a  wide  gap  in  the  partition 
between  the  two  ventricles  of  the  heart. 

Sub  Order  I.  LACERTILIA  (Saurii).  Tho  lizards  are  usually  distin- 
guished from  the  snakes  by  the  possession  of  limbs,  but  a  few  forms, 
undoubted  lizards,  like  the  glass  snakes  and  Ampbisbcensd.  lack  limbs. 
These  are  distinguished  by  the  existence  of  the  sciipula  and  the  iliac  bone 
united  to  the  vertebra,  and  especially  by  the  presence  of  a  sternum,  which 
never  occurs  in  snakes.  In  the  skull  is  a  peculiar  bone  (lacking  only 
in  Chameleons  and  Amphisbsense),  found  nowhere  else,  the  epipterygoid 
(fig.  626,  oo)\  it  reaches  from  the  pterygoid  to  the  parietal,  and  from  its 
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Fig  627.— SknU  of  rattlesnake.  (From  Boas.)  Fr,  frontal:  K  hyo mandibular  (colu- 
mella); Mx^  maxillary:  i\r,  nasal:  Os,  supraoocipftal;  Plo,  parietal ;  i^i/,  palatine: 
iy,  postfrontal;  P»/,  prefrontal:  P/,  pterygoid :  f^,  premaxilla;  Q,  quadrate;  .sj. 
squamosal;  Ti\  transversum;  J,  dentary;  5.  artlculare. 

slender  shape  is  sometimes  called  columella,  but  is  not  to  be  confounded 
with  the  true  columella  of  the  ear.  The  bones  of  the  jaws  are  firmly  united, 
so  that  the  mouth  has  no  special  capacity  for  opening  widely.  The  jugal- 
quadratojugal  arch  is  present. 

In  external  appearance  the  presence  of  eyelids,  nictitating  membrane, 
tympanic  membrane,  and  Eustachian  tube  are  noticeable,  these  being 
absent  only  in  the  AmphisbsensB.  In  the  Ascalabotsp,  as  in  snakes,  the  lids 
grow  together,  forming  a  transparent  covering  over  the  eyes.  Fossil 
lizards  are  rare,  but  the  group  dates  back  to  the  cretaceous. 

Section  I.  AsCALABOTiE  (geckos).  Skeleton  incompletely  ossified,  noto- 
chord  persistent,  amphicoele  vertebrse;  skin  granulur  rather  than  scaly, 
usually  adhesive  discs  on  the  toes  by  which  they  climb  vertical  surfaces  or 
can  walk  upon  ceilings.    Two  hundred  species.    Phi/Uodactylus* 
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Section  II.  Crassilinguia.  Tongue  tbick,  fleeby,  not  protrusible  from 
the  moiitli,  or  only  slightly  so,  louANiDf  ;  American,  often  a  comb  of 
spines  on  the  bAck,  teeth  pleurodont,  i.e.,  firmly  united  to  the  inner  side 
of  the  jaw.  Three  hundred  species.  AnoHi,"  Sceleportts,*  Phrynosoma* 
'  horned  toads.'  Agaxid,£;  Old  World,  teeth  acrodont,  i.e.,  seateil  on  the 
angle  of  ibo  jaw  bones.  One  hundred  and  flfiygpecies.  Clilamydoaaurua, 
Draco  volaiis,  with  ribs  greatly  elougate  nud  supporting  a  dermal  fold 
which  acts  as  a  parachute. 

Section  III.  Fissiunqdia,  Tongue  long  and  thin,  divided  at  the  tip, 
and  capable  of  wide  protrusion  from  the  mouth,  and  in  Varanus  retractile 
into  a  shenth.  Tejio£  ;  American,  teeth  acrodont ;  Cnemidophorun,' 
T'yus.  Ubix)dermatid£,  pleurodont  ;^e{o(£eraia,*  the  '  Oila  monsters, 'nra 
the  only  poisonous  lizards.  Lacertilid£  (Lacerta)  and  VARANiDiE  (^Vara- 
nus, tbe  monitors)  are  Old  World  forms,  iMCerta  tivipara  bringing  forth 
liring  young. 

Section  IV.  Brgtilingdia,  Tongue  short,  slightly  notched  at  the  tip, 
slighily  protrusjble.  Four  hundred  species.  Scincid^,  with  tendency  to 
reduction  of  the  limbs.  Eumecea,*  Oligosonta.*  lu  Anguia  and  Typhlint 
the  legs  are  absent.  Zondrid£,  with  a  finely  Ecnled  groove  along  tbe  aide; 
all  Old  World  except  our  Ophiaaurua  ventralis,*  the  glass  snake,  a  limb- 
less form  with  brittle  tail. 

Section  V.  Annulata.  In  many  respects  snake-like;  legs  and  epi- 
pterygoid,  tympanum,  and  movable  eyelids  lacking  and  usuiilly  girdles; 
tropical  or  subtropical.  In  Clnrotes  sternum  and  reduced  fore  legs 
retained.     Amphiabixna. 

Section  VI.  Vermiunouia ;  includes  the  Old  World  chameleotis  (onr 


FlO.eiS.— Head  of  chftmeleoD  wllh  Mngue  exteoded. 

'  chameleon '  is  Anolis, — mtpra)  with  long  Qeshy  tongue,  lying  rolled  up  in 
the  mouth,  but  protrusible  and  used  for  catching  insects,  its  end  being 
covered  with  a  sticky  mucus.  Other  characteristics  are  the  ring-like  eye- 
lids functioning  aa  an  iris,  the  climbing  feet  in  which  the  toes  are  united 
into  two  opposable  groups;  epi pterygoids,  clavicle,  sternum,  and  tympanic 
membrane  lacking.  The  chameleons  are  best  known  from  their  changes 
of  color,  produced  by  rapid  alterations  in  the  size  and  sbapes  of  the 
chromatopbores.  Color  changes  occur  in  other  lizards,  but  not  to  such  an 
extent  as  here. 
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Sub  Order  II.  PYTHONOMORPHA.  Large,  extioct,  extremelj  elon- 
gate reptiles  with  four  flipper-like  limbs  and  strong  swimming  tail. 
Flourished  in  the  cretaceous.     Mosasaurus^  Clidcuttes, 

Sub  Order  III.  OPHIDIA.  The  snakes  are  distinguished  from  most 
lizards  by  the  absence  of  limbs,  and  connected  with  this  the  similar  terte- 
brsB  in  which  only  trunk  and  caudals  can  be  distinguished.  The  caudals 
lack  ribs,  but  these  are  present  and  long  in  the  trunk  region,  serving  for 
locomotion  and  supporting  tlie  body  on  their  distal  ends.  Since  there  are 
legless  lizards,  it  is  further  necessary  to  say  that  in  the  Ophidia  the  girdles 
and  sternum  are  lost,  only  the  Peropoda  having  remnants  of  the  hinder 
appendages  and  pelvis,  but  these  not  connoted  with  the  vertebral  column. 
Further  distinctions  exist  in  sense  organs  and  jaws.  The  columella  is 
indeed  present,  but  tympanum  and  Eustachian  tube  are  lacking.  The  eye- 
lids also  seem  to  be  wanting,  but  examination  shows,  in  front  of  the  cornea 
and  separated  from  it  by  a  lachrymal  sac,  a  transparent  membrane,  com- 
posed of  the  fused  eyelids  (outer  cornea).  The  apparatus  of  the  jaws  (figs. 
619,  637)  is  remarkable  for  its  great  extensibility,  which  enables  snakes  to 
swallow  animals  larger  than  themselves,  after  coiling  around  them  and 
crushing  them.  This  extensibility  is  in  part  due  to  the  fact  that  the  bones 
of  the  lower  jaw  are  bound  together  at  the  symphysis  by  elastic  ligaments, 
in  part  to  the  freedom  of  motion  of  the  bones  of  the  upper  jaw  (excepting 
the  small  premaxillaries)  and  the  palate.  Further,  the  squamosal  {Sq)y 
quadrate  (Q),  and  transversum  {Tr)  are  elongate  and  slender,  the  quadrate 
being  widely  separated  by  the  squamosal  from  the  skull,  while  the  zygo- 
matic arch  is  entirely  absent.  The  food  is  forced  down  the  throat  by 
hook-shaped  bones  on  palatines  and  pterygoids.  A  wide  distension  of 
the  stomach  is  rendered  possible  by  the  elasticity  of  its  walls  and  the  great 
mobility  of  the  ribs,  which  are  not  united  vent  rally  by  a  sternum. 

In  the  non-poisonous  snakes  the  dentition  is  similar  on  jaws  and 
palate  bones  (fig.  619;.  The  vomer  and,  usually,  the  premaxilla  are  tooth- 
less. In  the  poisonous  serpents  poison 
fangs  appear  on  the  maxilla  (f g.  627) 
and  are  distinguished  from  the  other 
teeth  by  their  greater  size  and  connex- 
ion with  a  large  poison  gland.  The 
duct  of  the  gland  opens  at  the  base  of 
the  tooth  ;  tiie  poison  which  is  pressed 
out  by  the  pressure  of  the  jaw  muscles 
is  led  to  the  tip  of  the  tooth  either  by  a 
groove  (proleroglyphic  tooth,  fig.  629,  A) 
or,  when  the  groove  is  closed  to  a  canal 
(solenoglyphio  tooth,  B)^   through  this 


Fio.  68a— Poison  fanM.   A,  ^„  pro-  canal  which  opens  at  base  and  tip  of 

teroglyphic   (grooved)  tooth   of  co-  xu    *f^i\. 
^{qp  rt*  aoTTio.  »   ».   orw-  me  looiQ. 


sd)  tooth   of  co- 
bra^'aii'd  sectfon  of  same;  B,  ^,,  so- 
lenoglyphio tooth  (tubular)  of  rattle-      The    asymmetrical   character  of  the 
snake;    y,   poison   canal;   p^    pulp  _  ....        ^.  i<ut»  j 

cavity.  lungs  is  interesting.    In  the.  Peropoda 

one  lung  (apparently  the  left)  is  much 

smaller  than  the  other ;  in  the  poison  snakes  and  some  others  it  is  rudi- 
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mentary  or  even  absent.  In  the  Typhlopbidie,  on  the  olhcr  hand,  the  right 
appears  to  be  degenerate.  The  urinar;  bladder  is  always  absent.  The 
excreta,  chiefly  uric  acid,  accumulate  as  a  solid  dibss  ia  the  cloaca  and 
form  the  cliief  part  of  the  excrement;  the  feeces,  on  account  of  the 
extraordinary  digestive  powers,  being  small  in  amount. 

Section  I.  OE>OTEaoDoNTA  (Angiosloma).  Burrowing  blind  tropical 
snakes  ivith  the  mouth  incapable  ol  distension,  the  animals  living  on 
small  insects.     2)/phltq>t. 

Section  II.  Peeopoda.  These  large  snakes  liave  paired  lungs  and  rudi- 
ments of  hind  extremities ;  lack  poison  fangs,  and  kill  their  prey  by  mus- 
cular power.  Python,  Africa;  Boa  and  Eurutiea  (anaconda),  South 
America. 

Section  III.  CoLtrBBlPOBWA.     Ordinary  snakes  (over  BOO  species)  vrith 
numerous  teeth  in  the  upper  jaw,  but  with  appendages  entirely  absent. 
Some  are  poisonous,  some  not,  but  no  structural  lines  can  be  drawn  be- 
tween tbem.    The  Aolypha  have  no  grooved  tee'lli.    Tropidotiotiu,'  water 
snakes;  fcucanwn,*  black  snakes;  EtUainia,*  garter  snakes.    The  PBO- 
TEROGLTPHA,  With  grooved  teetli,  perma- 
nently erect,  are  poisonous.    Most   are 
brightly  colored.  Maps,"  the  coral  snake; 
Sa^  triptcdians,  the  cobra  of  India  ;  if. 
litf^  Cleopatra's  asp.    Here  belong  the 
pelagic  sea  snakes  of  the  Indo-Pacific, 
which  are  vivijiacous. 

Section  IV.  Solenogltpha.  With  the  . 
maxilla  reduced  and  serving  as  a  socket 
for  the  single  large  tubular  tooth  with 
one  or  more  reserve  teeth  (fig,  627), 
ViPEBiD*;,  Old  Worid,  no  pit  between 
nostril  and  eye.  Crotaud«,  New  World 
and  Asia,  with  a  pit  between  nose  and 
cj'e.  Crotfdus,*  with  the  tail  ending  in 
a  rattle  formed  by  remnants  of  cast  skins, 
is  common  thronghout  the  United  States. 
AgkUtrodon  contorMx*  copperhead, 
and  A.  pisciwrw,  moccasin,  lack  the 
rattle.  Sothrops  tanceolattta  of  the  An- 
tilles, possibly  tlie  most  poisonous  snake. 

Order  VIII.  CrocodUia  (Loricata). 

The   crocodiles,  alligators,  etc., 

agree  with  some  of  the  forms  already         __  _  _ 

mentioned  in  the  oval  cloacal  open-     ^^H^:  'j^''iSm^-?v''m^^i\i^^^ 
ing   with   single  copulatory  organ,     J^^JS^^i'l'ii'^iSS'.l^iSi''^ 
immovable  quadrate,  and  the  bony     '^^\  Sr&^'»™"um*'  ^'  ''**'^" 
plates  in  the  akin.     In  shape  they  are 
lizard-like,  but  in  stmctu  re  they  differ  from  all  other  living  reptiles 


Aw 

Fio.  630.— Ventral   aurface  of   altDll 
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and  approach  most  nearly  to  the  Theromorphs.  The  maxillaries, 
palatines,  and  pterygoids  have  united  in  the  living  species  in  the 
middle  line,  forming  a  hard  palate  and  forcing  the  vomers  upwards 
into  the  nasal  region.  This  same  process  has  carried  the  choana 
(fig.  630,  Ch)  to  the  back  of  the  skull.  Some  of  the  ribs  have 
two  heads;  the  ears  and  nostrils  are  provided  with  valves.  A 
sternum  is  present  and,  farther  back,  abdominal  ribs  and  an  ab- 
dominal sternum.  The  jaws  are  extended  into  a  long  snout,  and 
the  teeth,  which  occur  only  on  the  margins,  are  placed  in  sockets 
(alveoli).  The  four-chambered  heart  has  already  been  described 
(p.  692).  The  animals  move  slowly  on  land,  but  in  the  water, 
thanks  to  their  strong,  keeled  tail,  they  are  very  active.  They  have 
a  strong  smell,  owing  to  musk  glands  in  the  cloaca  and  on  the 
under  jaw.  The  group  appeared  in  the  trias,  and  of  the  three  sub 
orders  two,  the  Pseudo^uchia  and  Parasuchia,  are  extinct. 

Sub  Order  EUSUCHIA.  External  nostrils  united,  choana  posterior; 
five  toes  in  front,  four  behind.  Qavialis,  India,  snout  long  and  slender. 
AUigator  lucius,*  alligator ;  Crocadilus,*  most  species  Old  World,  one,  C. 
americauttSy*  occurring  in  our  southern  waters. 

Order  IZ.  Ptezodactylia  (Pteiosanria). 

Extinct  reptiles  of  the  Jurassic  and  cretaceous,  adapted  for  flight. 
The  bones  were  hollow  and  the  wings  were  broad  membranes,  supported, 
like  those  of  a  bat,  by  the  body  and  the  greatly  elongated  fifth  digit  of  the 


Fio.  fBl.-'Dimorphodon^  a  pterodactyle.    (After  Woodward.) 

fore  limbs.  Some  were  sparrow-like  in  size  and  some,  Pteranodon^  had  a 
wing  expanse  of  twenty  feet.  Tet  one  of  these  large  forms  from  Kansas 
had  its  pelvic  opening  so  small  that  its  eggs  could  not  have  been  more 
than  half  an  inch  in  diameter. 
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Class  II,  Aves. 


While  structurally  the  birds  stand  very  near  the  reptiles,  yet  by 
the  development  of  wings  and  the  feathering  of  the  body  the  group 
is  one  strictly  circumscribed.  The  skin  is  in  some  places,  as  the 
lower  part  of  the  logs,  covered  with  homy  scales  and  shields,  on 
the  toes  are  claws,  but  as  a  rule  the  fingers  are  feathered.  On 
most  places  the  skin  is  soft  and  thin,  since  the  derma  and  stratum 
corneum  are  poorly  developed.  Periodic  molts  of  the  integument 
do  not  occur,  since  the  horny  layer,  as  in  mammals,  undergoes  a 
constant  renewal.  These  peculiarities  of  the  skin  are  correlated 
with  the  appearance  of  the  protecting  plumage. 

The  feiither,  like  the  hair  of  mammals,  is  exclusively  epithelial 
in  character,  but  of  a  much  more  complicated  structure.  The  cor- 
nified  epithelium  forms  a  firm  axis,  the  scape,  from  which,  right 
and  left,  arise  branches,  or  barbs.  The  scape  is  solid  as  far  as  the 
barbs  extend  (rachis,  or  shaft),  while  below  ib  is  hollow  (quill,  or 
calamus).  The  quill  is  inserted  deep  in  the  derma,  in  a  follicle, 
and  is  provided  with  muscles  for  its  movement.  Its  hollow  in 
most  fully  developed  feathers  is  empty  save  for  the  '  pith,^  a  small 
amount  of  dried  tissue.  In  young  growing  feathers  it  is  occupied 
by  a  richly  vascular  connective  tissue,  the  feather  papilla,  which, 
for  purposes  of  nourishment,  extends  inwards  from  the  derma. 
The  feather  may  therefore  be  regarded  as  a  cornified  outgrowth 
from  the  skin  which  has  arisen  on  a  papilla  of  the  derma,  a  view 
which  corresponds  well  with  its  development  and  shows  its 
homology  with  the  scales.  In  many  birds  (cassowaries)  two  well- 
dereloped  feathers  arise  from  the  same  follicle — a  fact  which 
explains  the  existence  of  a  rudimentary  feather,  the  hyporachis, 
or  after-shaft,  attached  to  the  scape  below. 

In  contour  feathers  tlie  barbs  are,  to  a  great  extent,  united  into  a 
vane.  Right  and  left  of  the  shaft  they  lie  close  together  and  parallel, 
each  repeating  in  miniature  the  entire  feather,  the  barb  having  branches 
or  barbulcs,  which,  overlapping  the  barbules  of  adjacent  barbs,  give  the 
vane  its  close  texture.  The  vauo  is  held  together  by  minute  hooks  on  the 
barbules  of  one  barb  interlocking  with  those  of  tiie  next.  Down  feathers 
(plumes)  differ  from  contour  feathers  in  the  absence  of  hooks  and  the 
loose  arrangement  of  the  barbs.  Since  feathers  consist  of  cornified  epithe- 
lium and  these  cells  are  held  firmly  (only  in  powder  down  is  there  a 
gradual  loss),  they,  like  the  scaly  coat  of  the  snakes  and  lizards,  must  be 
molted  yearly  and  replaced  by  new. 

Young  birds  or  embryos  have  only  down  feathers.  Later  the  contour 
feathers  arise  in  regular  order  in  the  feather  tracts,  or  pterylse,  between 


which  are  apteria  In  which  no  contour  feathers  appear  (6k-  033)-  Since 
the  contour  feathers  overlnp  like  shingles,  they  form  a  firm  coat  of 
plumage  beneath  which  the  down  and  semjplumes  form  a  warm  coat. 


Fig  838.  Fia.  638. 

FlO.  ASt.—Festlier  tracts  and  apteria  of  pigeon,  dorsal  vleir.  (From  LadwlK-Leaiii«.l 
Fia.KB— RflKlons  sod  feathers  of  Fliloiluiuirdiu.  (From  Sob  ma  rda.)  jIi.  secondaries  ; 

Bo,  bfllly  :   Br.  breast :  Bi,  rump  ;  C-D"',  wing  coverts  ;  Di.  gonyg  of  bill ;  KF, 

alulft;P.culmenof  bill;  H,  occiput;  HS,  primaries;  K,  throat ;  I,  legs;  .V, neck  ; 

Sr't.  crown;  Sf,  paraptertum:  SI.  forehead,  lower  tallcoverls;  5z,  recCricea  :  IT. 

eheclt;  WH,  cere  with  nostril;  Zh.  toes. 

Besides  these  covering  feathers  (coverts,  or  tectricea,  fig,  633,  D)  there  are 
the  longer  feathers  of  the  wing,  the  remiges,  and  the  tail  feathers,  or 
rectricea  (,Sz).  The  larger  remigea  form  the  chief  part  of  the  wing;  they 
spring  from  the  part  of  the  limb  corresponding  to  the  hand  (carpus, 
metacarpus,  phalanges)  and  are  known  as  primaries  (US),  while  the 
secondaries  Ms),  arising  from  the  forearm,  are  shorter.  These  are  over- 
lapped at  the  base hy  the  coverts  (D,  V,  D')  and  by  the  pampterinm  (BF) 


FtO.  «!H.— Wing  sk< 


sprlnclng  from  the  shoulder.  A  few  feathers  arising  from  the  first  finger 
remain  distinct  from  tlie  remiges  and  form  the  alula  {EF).  In  the  water 
birds  especially  the  feathers  are  oiled  by  the  secretion  of  a  pair  of  glands 
at  the  base  of  the  tail  above  the  eocc3'x. 

Since  the  feathers  are  not  ouly  for  protection,  but  give  to  mwt 
birds  the  power  of  prolonged  flight,  they  predicate  a  special  moAv 
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of  life,  under  the  influence  of  which  all  of  the  other  organs  exist. 
Tho  character  of  the  skeleton,  the  respiratory  organs,  and  ia  part 
the  sense  organs  and  brain,  are  coriDCcted  with  the  powera  of  flight. 
As  the  feathers  of  the  wings,  like   the  fins,  form  what  may 
he  called  a  paddle  working  as  a  whole,  the  skeleton  of  these  limbs  is 
simplified  (fig.  634),  first,  by  tho  reduction  of  tho  fingers,  of  which 
only  three  with  a  small  number  of  phalanges  persist  (p.j;',^"); 
second,  by  fusion  of  the  corresponding  metacarpals  (m)  with  each 
other  and  with  the  adjacent  carpal 
bones.     On  the  other  hand,  in  order 
that  there  may  be  tho  necessary  en- 
ergy and  the  most  complete  transfer 
of  the  same  to  the  body,  tho  con- 
nexion   with    the   skeletal    axis    is 
strougthenod  by  special  development 
of  the  parts.     In  the  shoulder  girdle 
(fig.  C3o)  all  throe  elements  are  firm, 
a  sword-shaped  scapnla  (s),  a  colum- 
nar coracoid  (c),  and  clavicles  which 
are  usually  united  to  a  'wish-bone,' 
or  furoula  (/),    Clavicles  and  furcula 
arc  united  directly  or  by  ligaments 
to  the  broad  sternum,  the  anterior 
face  of  which   is  developed  into  a 
strong   keel,   the   carina,   or  crista 
sterni,  in  order  to  give  the  largest 

,  >  , .      I  1      f  .1.      1  Flit.  83G.— Tmnk  skeleton  ot  Btork. 

surface  for  attachment  of  the   large      (From    Oegenbaur,)     a*.    Bternal 

muscles  of  flight.  Vsnally  the  greater  TVu^'u'ia  \S.^*Tlavio'iS)  ■*/!.; 
the  powers  of  flight  the  more  devel-  j!;^b",^?tt"1iC?r^»!,illmT«! 
oped  the  carina,  yet  in  some  cases  K«^'i«t'»p*8PinL'2pV«iBB?it|'?i(': 
(albatross)  the  weak  carina  is  com-  ^^Jncinato  p™e''B'^;''i:,''S^e^ui 
pensated  for  by  the  enormous  width      '"""■ 

of  the  sternal  plate.  In  running  birds  (ostriches,  etc.)  the 
carina  is  entirely  gone.  The  thoracic  framework  is  rendered 
more  firm  by  the  development  of  uncinate  processes  from  the  ver- 
tebral parte  of  the  ribs  (w)  which  overlap  the  succeeding  ribs. 

Since  the  fore  limbs  are  no  longer  used  for  walking,  the  sup- 
port of  tho  body  depends  upon  the  hinder  extremities,  and  this 
has  brought  about  two  striking  characteristics — the  broad  union  of 
the  pelvis  with  the  vertebral  column,  and  the  simplification  of  the 
leg  skeleton.  In  the  embryo  the  ilium  (fig.  635,  i7)  is  connected 
only  with  tho  two  sacral  vertebrte  present  in  most  reptiles,  but 
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later  it  extends  forward  and  back,  nniting  with  at  least  nine  ver- 
tebrae and  sometimes  witli  as  many  as  twenty-tbree;  while  the  iliac 
bones  of  tbe  two  sides  meet  doreal  to  tbe  vertebral  column.  Thif 
extensive  anion  of  pelvis  and  axial  skeleton  is  anderstood  when 
we  recall  that  in  walking  or  at  rest  tbe  rertebral  column  is  not 
vertical  as  in  man,  but  is  inclined.  lacbinm  and  pubis  are  peculiar 
in  that  they  extend  backwards,  parallel  to  each  other,  from  the 
acetabulum,  and  that  only  exceptionally  (ostrich)  are  the  bones 
of  the  two  sides  united  by  a  symphysis. 

In  tbe  hind  limbs  occur  conditions  similar  tt^bose  which  will 


Fia.«3e.-.4,  legof  Out. 
C.  of  lliard.   /,  foi 


tbeu  Intertareat  Joint; 


:,  femnr:  b.tlhla-tarsaB:  I/,  remalDsof  flbuU^  i; 
■  ■■■ —  -■i-d'.tneB.   B,  lower  leu  of  bird  embryo; 
-   UrmloB  of  flratrow  (Ulu»):K.l»^ 
'    ■-■-'       '  ■-    diglw.     (Froin 


be  repeated  in  the  ungulates.  The  weight  of  the  body  makes  it 
neceseaiy  that  the  simplification  found  in  the  wing  should  be  re- 
peated in  the  lower  leg  and  foot,  and  that  the  numeroas  bones 
usually  occurring  in  these  regions  be  replaced  by  one  which  shall 
support  the  preasnre  (fig,  636).  Therefore  the  fibula,  well  (^^ 
veloped  in  the  embryo  (S),  becomes  reduced  to  an  inconspicaoBB 
rndlment;  the  metatarsals,  distinct  in  the  embryo  {B),  fuse  to  a 
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single  tarso-metatarsdB  {A,  c),  which  has  below  as  many  articular 
gurfaces  as  there  are  toes  (since  the  fifth  toe  only  appears  ia  the 
embryo,  at  most  fonr,  in  some  three  or  eveu  two,  d-d'").  At  the 
same  time  the  tarsals  disappear  by  fusion  with  adjacent  parte. 
Even  in  reptiles  (C)  a  part  of  the  tarsals  unite  with  the  bones  of 
the  shank,  and  the  remainder  with  the  metatarsals;  in  the  birds 
the  union  is  completed,  the  proximal  series  fusing  with  the  lower 
end  of  the  tibia  to  form  a  tibio-tarsus,  the  distal  with  the  metacar- 
pus to  form  the  tarso-iiietatarsus,  in  this  way  producing  the  inter- 
tarsal  joint  so  characteristic  of  birds. 

In  respect  to  the  vertebral  column,  it  only  needs  mention  that 
the  vertebrai  articulate  with  each  other  by  a  so-called  saddle- joint, 
that  (in  liTJng  birds)  only  a  few  candal  vertebne  persist  behind  the 
pelvis,  that  these  are  partially  fused  to  a  single  bone,  the  pygo- 
style,  which  supports  the  tail  feathers,  and  that,  corresponding  to 
the  well -developed  neck,  there  arc  many  cerrical  vertebrae,  among 
them  an  atlas  and  an  axis,  all  except  the  last  two  fused  with  the 
correspondmg  cervical  ribs. 

The  skull  (fig.  637)  resembles  closely  that  of  the  lizards  in  the 
presence  of  a  single  occipital  condyle,  in  the  movable  condition 
of  the  quadrate  upon  the  cranium,  and  in  the  presence  of  a  slender 
columella.  On  the  other  hand  an  os  transversum  is  lacking.  The 
cranium,  as  a  result  of  the  increase  in  size  of  the  brain,  is  more 
spacious;  the  bones  of  its  walls  fusing  early  so  that  the  sutures 


Tta.tefl.—Ska\\otyimD.ahtu,tari.  (From  Claiu.)  ^Ii,  allsphenold  :  Ani;.  anrolm  ^ 
Art,  ftrtlcuUre;  D,  dgnUiiT  :  El,  mesethmDld ;  Fi-.  frontal :  Jmi.  premullUry  ; 
J,  Innl;  L.  luhrymal;  Mx,  mulllur:  J^'.  ntuwl ;  (X,  exoccipltat;  On,  Bnpra- 
occipltal:  /M,  parietal ;  Fat,  palatine:  P(,  pterygald:  Q,  qQadrate;  Qj.qnadrato- 
Jogal;  Sm,  interorbltal  Mptam  :  Spb,  baiil-  and  prespbenold. 

between  them  are  obliterated.  The  occipital  condyle  is  on  the 
under  surface,  so  that  the  skull  is  carried  at  nearly  right  angles 
to  the  axis  of  the  vertebral  column.  1'eeth  are  lacking  in  living 
birds,  although  they  occurred  in  some  fossil  forms.     In  their  place. 


are  hard  horny  Eheatbs  covering  the  jawB  which  are  freqnently  car- 
ried back  on  the  outside  into  a  softer  cere  (fig.  634,  WM). 

Thecranium  cotisisisof  fuuroccipilala.  Abiwi-aDiJapreephenoid;  above, 
the  parielald  and  fraiitals ;  and  on  tiie  sides  prootics,  nlisphenoids  and 
orbitosphenoidii,  wliilo  the  broiid  aqii»iii(iB44ls  also  enter  its  wall.  The  large 
mesethmoid  lies  in  ibe  interoibiiRl  geplutn  ;  tlie  uasal  cavity  is  roofed  by 
the  nasals,  and  beside  ibem  arc  ibe  iHchrymHls.  Tbe  quadrate  articulates 
with  tbe  sqnamosal,  and  from  it  extend  forward  internally  the  ptery^  jd. 
palatine,  and  vomer ;  eilemnlly  a  zygomatic  nrch  of  quadratojugal  itiiil 
jugal  to  tbe  maiillnries  and  preraaxillaries.  The  maxillaries  are  liinged 
in  the  ethmoidal  region,  so  tbat  in  opening  the  moutb  there  is  besides  the 
depression  of  the  lower  jaw  an  upward  niolioii  of  the  upper  jaw. 

The  pneumaticity  of  the  bones  is  an  important  feature  of  the 
skeleton.  In  place  of  marrow  and  bony  tissue,  the  inside  of  the 
bones  in  strong  flying  birds  is  moro  or  less  completely  occupied  by 
air  spaces,  around  which,  as  a  sheath,  is  the  compact  bone.  This 
gives  the  greatest  possible  lightness  and  strength  to  the  skeleton. 
In  Buceroa  and  Palamtdeu  all  of  the  bones  are  pneumatic;  in 
others  {Pelecanus,  Sula,  Tachypeles,  etc.)  only  the  phalanges  of 
the  toes  contain  marrow,  while  in  the  penguin  and  Apieryx,  as  in 
mammals,  air  spaces  occur  only  in  some  of  the  cranial  bones. 

The  air  spaces  of  the  bones  are  in  part  (skull)  connected  with 
the  nose  and  tympanum,  but  most  of  them,  by  means  of  the  air 
sacs,  communicate  with  the  lungs.     The  long  trachea  forks  at  its 
lower  end  into  two  bronchi.     At  its  upper  end  is  a  larynx,  as  in 
other  vertebrates,  but  this  is  not  vocal;  the  notes  of  birds  are  pro- 
duced by  the  syrinx,  which  lies  at  the  division  of  trachea  iuto 
bronchi.     It  is  nsunlly  formed  of  both  trachea  and  bronchi,  but 
more  rarely  of  either  trachea  or  bronchi  alone.     Its  vocal  cords 
are  regulated  by  special  muscles,  which  in  the  singing  birds  have 
a  complicated  arrangement.     The  relatively 
"Z  "'  small  lungs  send  out  from  their  surface  air 
~  t  sacs,  especially  well  seen  in  embryos  (fig.  C38, 
L  J   1-5).     These  later  become  large,  thin-walled 
f        spaces,  easily  torn  away  in  dissection,  leaving 
large  openings  on  tbe  snrfat%  of   the  lungs 
(fig.  639,  1-5).     Usually  five   pairs  of   these 
^'«i  tSSih'^.^ISn'^'Ynd  air  sacs  are  present,    largely  in  the  cteloin. 
}A(t«r"*"seiBnka.f*'''jn  but  extending  in  between  the  muscles  (breast 
trachea;  j-s, lungMca.  ^jj^  axillary  region),  and  also  into  the  bones. 

Tbe  spongy  lungs  lie  on  either  side  of  the  vertebral  column  and  axe 
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anited  to  the  ribs.    On  entraDce  to  the  lung  the  broDchus  (flg.  989,  br)  losea 

its  airtilage  supports  and  enkrges  into  a 

vestibalu  (e)   and  extends   Uience  hs  a 

mesobronchns  (bm)    backwards,   t«nni-  ' 

natiug  in  the  abdominal  air  sac  {.^j.    A      ^  '. 

side  branch  supplies   the  hinder   sub-       i  » 

costal  sac  (4).    Secondary  bronchi  arise  ^ 

Srom  the  vestibule  and  mesobrouclius;  j 

o.   these  there  are   three  to   five  euio- 

bronchi  {I-IV)  supplying  ihe  remiiining  'tt 

air-sacs  and  six  or  more  ect'ibronchi.       !• 

Arising    from     the    mesobronchi    and  "* 

secondarj  bronchi  are  tertiary  bronchi,  ib 

01'  air  pipes,  running  parallel   to  each       s 

other    and    anastomosing     frequently. 

Each  air  pipe  lias  a  thick  spongy   wall 

(Bg.  640)  composed  of  numerous  thin- 

walle'l   sacs,  the  lung  vesicles,   closely 

enveloped  by  capillaries,  and  connected 

with   the  central  air-conducting    tube, 

tbe  lumen  of  the  pipe. 

Inspiration  is  effected  by  raising  the  framework  of  the  chest,  this 
causing  a  straightening  of  the  hinged  ribs  and  an  increase  of  the  sterno- 
vertebral diameter  ;  expiration  by  the  reverse  motion.  By  this  the  lungs, 
attacbed  to  tbe  ribs,  are  alternately  enlarged  and  contracted  in  spite  of 
their  slight  elasticity.  This  is  also  true  of  tbe  lung  sacs,  which,  on  account 
of  their  poor  blood  supply,  are  not  respiratory  but  gerve  as  accessory  air 


TCHtlbale :    <J 
luDK    piped : 


FIO.SW.— Section  of  lung  pipe.  (After  Scbnlae.) 
pamps.  It  is  probable  that  in  Bight  this  air-pump  action  occurs  espe- 
cially vlth  the  subpectoral  and  axillary  air  sacs,  drawing  air  through  the 
longs  and  rendering  other  respiratory  motions  superfluous,  thus  enabling 
the  thorax  to  remain  quiet,  an  important  matter.  If  the  trachea  be 
closed  and  the  air  canal  in  the  humerus  opened,  the  bird  can  breaths 
through  the  latter. 
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The  circnlation  in  the  birds  hu  srisen  from  tlut  of  the  t?ptiles 
by  complete  •eparation  of  systemic  sod  palmonur  srotems.  Of 
the  throe  great  arterial  tranks  present  tbero  {fig.  621),  the  pal- 
moDflTj  artery  and  the  right  aortic  arch,  arising  from  the  left  ren- 
tricle,  are  retained,  the  left  Tenons  arch  being  lost.  The  aeptnin 
between  the  rentricles  is  complete.  The  striking  featnres  of  the 
alimentary  canal  (fig.  60)  are  the  crop  (not  always  present).  ■ 
glaudalar  stomach  or  proxentricnlna  (r).  and  a  mnsenlar  chewing 
stomach  or  gizzanl  (//),  as  well  as  two  long,  nudy  rudimentary. 
o»ca  (it)  at  the  jonction  of  small  and  targe  intestine.  lirer  and 
gall  bladder  (f,  /),  pancreas  (y),  and  spleen  are  present  A  blind 
sac  (the  bnisa  FabricJi),  the  paired  nreters  (m),  and  the  eexnal 
dacts  (n)  open  into  the  cloaca.  The  latter  show  the  pecnliaritr 
that  the  right  oviduct  and  oTary  are  d^enerate,  while  those  of  the 
left  side  are  correspondinglr  larger.  Since  copulation  occors  the 
large  eggs  (the  '  yolk ')  are  fertilized  in  the  oridnet  (fig.  99).  .\s 
they  pass  slowly  through  the  dnct,  they  become  enveloped  fiis 
with  a  thick  layer  of  albumen,  '  white '  (ic),  then  with  a  doable 
^g  membrane  (tVm,  tm,)  the  two  parts  being  separate  and  enclos- 
ing an  air  chamber  at  the  larger  end  of  the  egg.  Lastly  comes  the 
shell.  All  of  these  accessory  stmctnres  are  secreted  by  the  gland- 
nlar  walls  of  the  enlarged  ovidocta.  Dnring  the  passage  down  the 
oridnet  the  first  phenomena  of  derelopment  (segmentation,  gastra- 
lation)  occur,  and  after  ovipoeition  the  derelopmeot  stops  and  agmin 
starts  when  the  necessary  warmth  is  supplied. 

The  care  for  the  yoang,  the  sezoal  life  connected  with  copal*- 
^       tion,  and   the  complicated  conditions  of  ex- 
istence connected  with  flight  have  resulted  in 
an   intelligence  far  superior  to   that  of  the 
reptiles,  which  finds  its  expremion  in  the  bet- 
ter deTelopment  of  senee  organs  and  brain. 
In  the  brain  (fig.  641)  tbe  cerebellom,  which 
is  the  central  organ  for  the  coordination  of  the 
action  of  parts,  is  strikingly  developed.     Cor- 
respondingly  large   are   the    cerebnl    h«ni- 
vk.  sd.   BrmiD  of  ^itf  Spheres,  the  frontal  lobes  of  which  b^in   to 
E"m.)*^.'^l1?S^  corer  the  olfactory  lobes,  the  temporal  lobee 
M«beiiS^'f'/r^^  "» l'''^  manner  extending  back  over  the  twixt 
m5  iS^'MH.'optfc  l*"™  ^^^  optic  lobes.     Corresponding  to  the 
iminmi  cMd"  to'miS  ^o*'*^  apparatus,  the  ear  is  highly  organised, 
brum :  z,  pikekiu.        the  lagcna  of  the  labyrinth  being  greatly  en- 
larged and  the  sound -conducting  apparatus  (columella,  tympaaom. 
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etc.)  Tell  developed.  The  beginnings  of  an  external  ear  are  seen  in 
the  deeper  position  of  the  drum  membrane.  Since  the  power  of 
flight  necessitates  vision  at  great  d  Istancea,  most  birds  have  exceed- 
ingly sharp  eight,  and  the  eye  itself  (fig.  642)  is  ia  general  con- 


vurpQB^  i^vtviwooB  ooaji  jr.  iriB:  jj>  iflos:  up^  optic  nerve;  M^Bheath  of  nerre; 
P,  pACten;  Re,  retina;  8c,  aclera;  VK,  anterior  ohamber ;  t,  gclerotlc  bones. 

stmcted  for  distance.  Peculiarities  of  the  bird's  eye,  already 
weakly  developed  in  the  reptiles,  are  the  pecten  (P),  a  comb- 
shaped  growth  of  the  choroid  into  the  vitreous  body,  and  the 
scleral  ring,  a  circle  of  bones  developed  io  the  sclera  and  support- 
ing the  outer  part  of  the  eye. 

AmoDg  birds  there  is  spirited  rivalry  for  the  females,  especially 
among  polygamous  species.  At  the  time  of  mating  the  males  seek  to  win 
the  favor  of  the  females  either  throngb  striking  motions  (dances),  by 
singing,  or  by  beauty  of  plumage.  All  of  these  pecaliarities  are  confined 
to  Ihe  male  and  frequently  lend  to  a  marked  sexual  dimorphism.  The  dis- 
tinction in  plumage  is  commonly  strengthened  at  this  time,  the  male 
receiving  the  brilliant  wedding  dress.  Thus  we  speak  of  the  spring  molt, 
although  there  is  only  a  color  change  and  only  exceptionally  a  renewal  of 
the  feathers.  The  return  to  every-day  clothes  only  occurs  with  a  molt,  and 
this  comes  at  the  close  of  the  reprodnctive  season. 

The  reason  for  the  dull  plumage  of  the  female  is  due  to  the  fact  that 
ahe  usually  sets  on  the  nest,  at  which  time  inconspicuous  colors  protect  her 
from  destruction  by  enemies.  In  only  a  few  instances  is  the  heat  neces- 
sary for  incubation  produced  by  other  causes,  such  as  the  heat  of  the  sun 
open  the  saud  in  which  the  eggs  are  buried,  or  the  increase  of  tempemiure 
caused  by  fermentation  in  decaying  vegetation  (Megapodes).    The  rule  is 
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that  both  sexes  baild  the  nest,  which  with  the  weaver  birds  is  most  skil- 
fully constructed;  occasionally  among  social  species  the  nests  are  placed 
under  a  common  roof.  When  the  clutch  of  eggs  is  complete  the  female 
(rarely  the  male)  begins  the  incubation,  at  this  time  in  some  instances 
losing  the  feathers  from  certain  regions  the  better  to  warm  the  eggs. 
Many  birds,  like  hens  and  ducks,  are  so  far  advanced  when  they  leave  the 
nest  that  they  can  follow  the  mother  and  feed  themselves.  Such  birds 
are  called  Prs&coces — in  contrast  to  the  Altrices,  which  hatch  with  incompleie 
coat  of  feathers  and  therefore  need  the  warmth  of  the  nest  and  the  pro- 
tection and  care  of  the  parents. 

The  migrations  of  birds  possess  great  interest.  We  distinguish  among 
birds  permanent  residents  and  others  which,  in  order  to  obtain  food,  take 
long  journeys,  the  migratory  species.  At  the  approach  of  cold  weather 
these  seek  the  south,  following  regular  paths  in  their  travels.  They  can- 
not, like  reptiles  and  amphibians,  hibernate  at  the  period  when  insects 
and  fruit  are  scarce,  because  their  greater  intelligence  and  their  more  ener- 
getic vital  processes  demand  a  more  rapid  metabolism  and  a  continuous 
food  supply.  Hence  the  birds,  like  the  mammals,  in  contrast  to  the 
'cold-blooded  '  reptiles,  amphibia,  and  fishes,  maintain,  under  all  extremes 
of  external  temperature,  a  body  heat  of  38-40°  (44"  ?)  C.  (100-104'  F.). 

The  cla&sification  of  birds  is  in  a  state  of  change.  The  older  system 
based  upon  adaptive  characters  is  not  in  harmony  with  the  results  of  care- 
ful anatomical  study,  which  would  divide  the  whole  class  into  man}'  small 
groups.  For  this  rejison  it  has  been  thought  best  to  retain  the  older  sys- 
tem of  larger,  easily  recognized  divisions,  and  to  call  attention,  where 
necessary,  to  the  contradictions  with  later  results. 

Order  I.  Saururae. 
The  view  that  birds  are  closely  related  to  reptiles  has  received 
considerable  support  by  the  discovery  of  fossil  birds  with  teeth. 
The  most  reptilian  of  these  occur  in  the  Jurassic  of  Bavaria,  and 
only  two  specimens  have  been  found.  In  these  {ArchcBoptery.r 
lithographica)  the  carpals  and  metacarpals  have  not  fused,  the 
three  fingers  are  well  developed  and  clawed,  and  the  caudal  verte- 
bras, although  bearing  feathers,  form  a  long  slender  tail  like  that 

of  a  lizard  (fig.  2). 

Order  n.  Odontomithes. 

These  forms,  from  the  cretaceous  of  Kansas  and  Colorado,  also 

had  teeth.     In  the  Odontorm^  {Iclithyornis)  there  was  a  keeled 

sternum  and  normal  pygostyle.     In  the  Odoxtoholcje  (Hesper- 

oralis)  the  wings  were  reduced  (only  the  humerus  persisting),  the 

sternum  was  without  a  keel,  and  the  caudal  vertebras  formed  a 

broad  paddle. 

Order  in.  Ratitae. 

Here  are  included  several  families,  very  different  in  structure, 
which  agree  in  having  the  feathers  not  arranged  in  feather  tracts; 
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and  in  that,  together  with  the  lack  of  flighty  many  stmctures 
normally  connected  with  it  are  absent.  The  bones  are  but  slightly 
pneumatic^  the  sternum  has  no  keel,  and  a  furcula  is  not  formed^ 
the  clavicles  being  rudimentary  (Dromwus)  or  not  present  as  dis- 
tinct bones.  The  wings  are  small  and  lack  primaries  and  seconda- 
ries adapted  for  flight,  for  typical  contour  feathers  with  close 
vanes,  as  well  as  typical  down  feathers,  are  absent. 

Since  several  structures  apparently  adapted. for  flight  occur  here 
(fusion  of  hand  bones  and  often  of  caudal  vertebrae;  arrangement 
of  wing  muscles),  it  is  prohable  that  the  Eatites  have  descended 
from  carinate  forms  by  loss  of  power  of  flight.  The  anatomical 
distinctions  between  the  various  families  lead  one  to  believe  that 
they  have  arisen  from  different  groups  of  carinates  and  hence  do 
not  form  a  natural  assemblage. 

Section  I.  STRUTIIIONES,  with  long  humerus,  long  legs  and  neck. 
STRUTHiONmiE,  two-toed  ostriches  of  Africa,  Struthio  camdus.  Rheid^ 
South  American  three-toed  ostriches,  Rhea  americana,  nandu.  Section 
II.  CASUARINA;  three  toes,  humerus  short.  Dromceu^,  emus;  Cast^ 
aHns,  cassowaries.  Section  III.  APTERYGES,  bill  long,  nostrils  near  the 
tip,  rudimentary  wing  skeleton;  four  toes.  Apteryx,  kiwij  of  New  Zealand. 
Tiie  DiNORNiTHmjE,  three  toes,  wing  skeleton  absent ;  giant  birds  (thirteen 
feet  high)  of  New  Zealand;  now  extinct,  but  apparently  contemporaneous 
with  man.  The  JEpiorniSy  a  gigantic  bird  of  Madagascar,  possibly  belonged 
near  these.     Skeletons  and  eggs  holding  two  gallons  found  in  alluvium. 

Orderly.  Carinats. 

The  name  refers  to  the  presence  of  the  keel  to  the  sternum, 
which  is  correlated  with  the  powers  of  flight  possessed  by  most 
species.  Other  characters  of  the  class  are  the  presence  of  rectrices 
and  remiges  on  tail  and  wings,  and  the  fusion  of  clavicles  to  a 
furcula.  There  are  strong  fliers,  like  the  raptores  and  albatrosses, 
which  have  but  a  small  carina ;  in  many  poor  fliers  the  carina  may 
be  entirely  absent.  The  furcula  is  not  always  present,  the  clavicles 
not  uniting  (many  parrots  and  toucans)  or  being  absent  {Mesites). 
The  remiges  are  also  degenerate  in  some  carinates,  as  in  the  pen- 
guins (which  are  flightless,  although  they  have  a  strong  carina), 
where  they  take  the  shape  of  small  scales.  Thus  the  distinctions 
between  ratite  and  carinate  birds  vanish  in  places. 

Sub  Order  I.  GALLINACEA.  The  hen-like  birds  are  praecoces  with 
compact  bodies  and  well-developed  wings  and  legs,  so  that  they  run  and 
fly  well  without  excelling  in  either  direction.  The  feet  have  three  toes  in 
front,  usually  connected  by  a  membrane  at  the  base  (fig.  648,  c);  the  fourth 
toe  is  behind  and  at  a  higher  level.    Above  this  in  the  male  is  usually  the 
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spur,  a  process  of  the  tarso-metatarsus,  covered  with  horn.  The  margins 
of  the  upper  jaw  overlap  the  lower;  the  beak  is  bent  downward  at  the  tip 
and  is  about  as  long  as  the  head.  Naked,  richly  vascular  lobes  form  comb 
and  wattles  which  are  specially  large  in  the  more  elegantly  plumaged 
males. 

The  Phasianidjs  are  polygamous;  Phasianus^  with  many  species  of 
pheasants;  Gallus  bankiva  of  the  Sunda  Islands,  the  ancestors  of  dom^ric 


-*^: 


Fio.  643.— Foot  forms.  (From  Schmarda.)  a^semi-palmate,  wadlne  of  Ciconia ;  Z>, perch- 
ing of  2\ndus :  c,  rasorial  of  F/tasiauus :  a,  raptorial  of  Fa/co ;  e^  adherent  of 
Cyp9elu8 ;  /,  cursorial  of  Struthio  ;  g^  zysrodactyl  (scansorial)  of  Picut ;  A,  lobat«  of 
P'tflireps ;  i,  lobate  and  scalloped  of  Fulica ;  k,  palmate  of  Ana» ;  2,  totipalmate  of 
Fhaethon. 

fowl.  Mdeagris*  the  turkeys.  The  TsTRAONiDiB  are  partly  pol3^gamous. 
partly  monogamous.  Cotumix*  quail ;  Psrdix*  partridge ;  Bofiasa,^ 
grouse.    The  incubation  of  the  Megapodes  has  been  referred  to  (p.  611). 

Sub  Order  II.  COLUMBIN-^.  The  pigeons  are  distinguished  from 
the  Gallinace88  by  the  more  slender  bodies,  shorter  legs,  the  toes  free,  and 
the  longer  wings  capable  of  prolonged  flight.  They  are  altrical ;  the  crop 
produces  a  milky  secretion  used  in  feeding  the  young.  The  Columbid.s 
are  the  most  widely  distributed  and  are  represented  in  the  tropics  by 
numerous  beautifully  colored  species.  Columba*  According  to  Darwin 
the  domestic  pigeons  come  from  C,  livia^  the  bine  rock  pigeon  ;  Edopistes 
migratorius*  passenger  pigeon,  practically  exterminated.  Allied  was  the 
dodo,  Didus  ineptus^  of  Madagascar,  exterminated  in  the  eighteenth 
century. 

Sub  Order  III.  NATA TORES.  A  number  of  families,  while  differing 
much  in  structure,  are  united  by  their  inclination  for  an  aquatic  life. 
They  are  called  swimming  birds   (Natatores)  because,  thanks  to  their 
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webbed  feet,  they  are  excellent  swimmera  And  divers.  Either  all  foar  loer 
BreconDeciedbftheweb(to[ipalmate,  fig.  648,  Z),  or  only  the  three  anterior 
toes  are  webbed  (palmate,  flg.  S43,  k),  or  the  three  toes  are  each  bordered 
with  a  swimming  membrane  (lobate,  Bg.  648,  h).  Thus  the  foot  strjc- 
ture  gives  distinctions  which  forbid  a  closer  association  of  the  families,  and 
this  is  strengthened  by  differences  of  wing  and  beak.  On  the  other  hand 
palatal  structures  show  that  here,  as  in  the  Grallatores,  very  diverse  forms 
are  associated. 

Section  I.  Lamellirostres  ( A nseri formes),  feet  palmate;  the  beaksoft- 
skinue<l  np  lo  ihe  hard  tip,  its  margins  with  transverse  horny  plates. 
Anasboaehas*  wild  duck,  source  of  domestic  breeds.    A.  inollissima,  eider; 
Anser,*  goose  (domestic  derived  from  A.  ferut).     Cygnus*  swans.     Sec- 
tion II.  TCBINARES  (Longipennee),  predaceous   birds  witli  strong  beak, 
tubular  nostrils,  palmate  feet,  and  long  wings  capable  of  rapid  and  pro- 
longed flight.    Dioinedea,  albatroes;  Larua,*  gulls  ;  Sterna,*  terns.    Sec- 
tion  III.  Urinatoreb.     Birds  with   email  wings,  sometimes  reduced  to 
flippers,  and  upright  position  owing  to  position  of  the  legs  far  back.    The 
ALCiD.a  iAka  impeiinM.*  the  great  auk,  exterminated  In  the  nioeteenth 
century),  which  are  northern  and  are  related  to  the  gulls,  and  the  antarctic 
Ihfexnes    {ApteTtodytes  ~  fig.  644. 
penguin)  agree  lu  having  palmate 
feet,  bnt  otherwise  differ  greatly  in 
structure.    Some  of  llie  Colymbidjb 
(UHnator,*    loons)    have    palmate 
feet,  other8(Cb{yrn6u«,*grebes)  have 
lobate  feet.    Section  IV.  Steqano- 
PODES,  with  totipalmate  feel.     PeU- 
oanut,*    pelicans;    Pftalarocorax," 
cormorants;  PftaeWon,*  tropic  birds. 

Sub  Order  IV.  GRALLATORES. 
The  wading  birds  affect  swampy 
lands  and  the  sliores  of  the  sea, 
ponds  and  streams,  their  legs  being 
lengthened,  chiefly  by  elongntion  of 
the  tarso- metatarsus,  the  feet  semi- 
palmate  (fig.  643,  a),  and  the  feath- 
ers only  on  the  upper  parts,  the 
lower  with  horny  plates,  all  feat- 
ures adapted  10  the  wading  life.  Fio.«M.—>ij)(«nod|/(«patooontoi,  penguin. 
Correlated  is  the  striking  length  of  '^""^  Brehm.) 

neck  and  beak.  These  features  have  appeared  in  groups  which  are  very 
different  in  anatomical  characters. 

Section  I.  Oiconifobmes.  Beak  with  a  strong  horny  coat,  Ardea,* 
herons;  Ibis;  Ciconia,  storks  ;  Pfuxnicopterta,*  flamingo.  Section  II. 
GRttDORUES.  Beak  always  with  soft  skin  at  the  base,  often  extending  to 
the  tip.  ffrus,*  cnnes;  Rallus*Ta.iU;  Of^,  bustards,  terrestrial.  Section 
in.  Chakadriporues.  Allied  to  the  auks  and  gulls.  Scolopax,*  woodcock  ; 
Charadriiu,*  plover. 
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8ub  Order  V.  SOANSORES.  The  climbing  birds  are  readily  recog- 
nized  by  their  zygodactyle  feet  (fig.  643,  g),  in  which  two  toes  (f  and  S) 
are  directed  forwards,  the  other  two  (i  and  4)  backwards.  The  forms 
united  under  this  head  differ  much  in  structure  and  their  association  does 
not  rest  on  blood-relationship. 

Section  I.  Cuguliforices.  The  Pstttaci.  or  parrots,  are  brightly  colored 
mostly  tropical  birds  with  short,  high,  compressed,  and  strongly  bent  beak 
and  fleshy  tongue.  But  one  species  (Conurus  carolinensis  *)  in  the  United 
States.  Caoatuaj  Plictolophus^  cockatoos;  MelopsiUacus,  PsUtacus^  parrots. 
CucuLi,  bill  slightly  arched  or  straight ;  outer  toe  usually  versatile ; 
Cuculus^  CoccygtiSy*  cuckoos.  Section  II.  PiCARiiB.  The  woodpeckers 
have  a  long,  straight,  conical  beak  and  long,  protmsible  tongue;  Picas.* 
Nearly  allied  are  the  toucans  {Rhamphaatos)  of  the  tropics. 

Sub  Order  YI.  PASSERES.  This  is  by  far  the  richest  in  species  of  all 
the  groups  of  birds.  They  are  altrices  of  moderate  size,  with  slender  feath- 
ered tarsi  and  strong,  horny  beak  without  cere.  Of  the  three  anterior 
toes  the  two  outer  are  either  united  or  separated  to  the  base  (fig.  643,  6), 
while  the  hind  toe  is  at  a  level  with  the  rest.  In  some,  which  are  tisually 
but  not  invariably  noticeable  for  the  powers  of  song  of  the  males,  there 
are  special  muscles  to  the  syrinx  which  are  lacking  in  other  birds.  These 
are  called  Oscines,  in  contrast  to  the  other  Passeres,  the  crying  birds,  or 
Olamatores.  These  groups  are  further  distinguished  by  a  large,  freely 
movable  hind  toe  in  the  Oscines,  while  in  the  Olamatores  it  is  restricted 
in  its  motions. 

Section  I.  OSCINES.  All  our  song  birds  belong  here:  FRiNGiLLiDiE, 
finches  ;  Passer  domesticus*  English  sparrow;  Loxiay*  crossbills ;  Icteb- 
iDM\  IcteruSy*  orioles  ;I>olicho7iyx*  bobolink;  Alaudidjs,  Alauda*  sky- 
lark ;  SYLViGOLiD-fi,  DendrcBca*  ffelminthopTiaga*  warblers;  Turdidjs, 
Turdus*  thrushes;  SvcUa^  bluebirds;  HiRUMDiNlDiS,  Hirundo*  swallows; 
TROGLODYTiDiK,  wrens;  CoRViD-fi,  Corvus*  crows;  CyanociUa*  jays. 
The  PARADiSEiDiE,  or  birds  of  paradise,  with  marked  sexual  dimorphism,  are 
closely  related  to  the  crows  (fig.  15).  Section  II.  OLAMATORES.  Here  are 
frequently  included  a  few  groups  (Cotingidjs,  TTRANNiDiE)  best  developed 
in  South  America  and  the  lyre  birds  (Menurid^)  of  Australia.  Earlier 
other  forms  were  regarded  as  allied,  but  now  are  separated  as  Cypselo- 
morphsB,  or  Coraci formes,  and  united  with  the  owls,  and  Picarise.  Cypsele- 
D^;  Chcetura*  chimney  *  swallow,'  with  adherent  feet  (fig.  643,  c). 
Trochilid^,  humming  birds,  best  developed  in  tropical  America;  Trochu 
Ixis*  CAPRiMULGiDiE,  night  liawks ;  Antrostomus  vocifertis*  whippoor- 
will.  Alcedinid^,  kingfishers,  Ceryle*  Bugerontid^,  horn  bills,  tropical. 

Sub  Order  VII.  RAPTORES.  The  birds  of  prey  are  strong  birds  of 
considerable  size.  They  have  the  tarso-metatarsus  feathered  and  four 
strongly  clawed  toes  of  what  is  termed  the  raptatorial  type  (fig.  643,  d). 
The  beak  is  strong,  the  upper  half,  strongly  hooked  at  the  tip,  extending 
over  the  lower.  There  are  two  groups  recognized  which  probably  are 
not  closely  related. 

Section  I.  FALCONIFORMES.  Slender  birds  with  close  plumage  and 
extraordinary  sight;  related  structurally  to  the  herons.    Oatuarttdje, 
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bazsarde  ;  Cathartea  aura,*  turkey  buzzard.  Pakdionid^,  Pandton 
haliatux*  fish  hawk;  Palconid*  :  Aquila*  Haliahu*  eagles  ;  Buteo* 
buzzards;  Faleo*  falcons;  Accipiter,*  hawks.  Beclion  II.  STRIGES, 
owls;  compact  birds  wiili  loose,  fluffy  plumage,  large  ej-es  in  a  circle  of 
feathers;  more  closely  related  Btruoturally  lo  the  Oaprimulgidie  than  to 
tilt"  Falcon i formes.  Bubo,*  liorned  owls;  Scopt,^  screech  owls;  Slrise,* 
gray  and  brown  owls  ;  Speotylo.*  bQrrowing  owls. 

Class  III.  Uammalia. 

The  mamtaals  occupy  the  highest  place  among  the  vertebrates, 
and  consequently  in  the  animal  kingdom;  thej  also  possess  a 
special  interest  for  us,  for  man,  in  structure  and  development, 
belongs  to  the  group,  although  separated  iu  intelligence  from  the 
most  highly  organized  of  the  members  by  a  wide  gap. 

The  most  striking  characteriaticB  of  the  mammals  again  are 
furnished  by  the  akin.  In  fact  one  may,  with  Okeu,  call  them 
hair-animals,  since  hair  is  as  diagnostic  as  feathers  are  for  birds. 
The  hairs  (fig.  646,  //)  are  ctiticular  structures  -which  are  seated 


Fid.  WS.— Section  of  skin  of  man.  (From  Wtederabelm.)  Cn.  derm*  (corini 
□II  Kland;  K  rat;  O.  blood-vessels;  OP.  vascular  papilla:  H.  hair;  A',  nervei 
nerre  papUU:  Se.  ■tratam  comenTn;  SD,  Sir,  aweat  gland  and  duct 
•tratam  Halplglill. 
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on  papUlie  of  the  derma,  aud  are  nourished  by  blood-vessels  in 
these.  The  lower  end,  the  root  of  the  hair,  lies  in  a  pit  in  the 
epidermis,  the  hair  follicle,  and  is  surrounded  by  a  double  envelope, 
the  epithelial  root  sheath,  formed  by  an  inpushing  of  the  epidermis 
and  an  outer  connective-tissue  follicular  sheath.  Small  muscles 
attached  to  the  base  of  the  larger  hairs  serve  for  their  erection. 
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Since  side  branches  are  lacking,  the  structure  of  the  hair  is  more 
simple  than  that  of  feathers,  and  the  forms  fewer.  Wool  is  char- 
acterized by  its  spiral  turns;  then  there  is  straight  hair  which,  by 
increase  in  size,  forms  the  'whiskers'  (vibrissse)  on  the  upper  lip 
of  many  mammals,  bristles  (swine),  and  lastly  the  spines  of  hedge- 
hogs and  porcupines.  In  the  pelts  of  many  animals  two  kinds  of 
hair  may  occur,  wool  below  and  straight  hair  outside.  Histolog- 
ically hair  consists  of  cornified  cells,  often  arranged  in  medullary 
and  cortical  layers.  On  the  outside  there  may  be  another  layer 
recalling  the  pseudocuticula  of  reptiles.  In  most  mammals  there 
is  a  periodic  shedding  and  renewal  of  the  hair,  the  new  hair  aris- 
ing from  the  old  follicle  (?  from  the  old  papilla).  Ordinarily  this 
occurs  only  in  spring.  Besides  hair  some  mammals  have  true 
scales.  Constant  horny  structures  are  the  armatures  of  the  tips  of 
the  digits,  which,  according  to  form,  are  divided  into  claws  (ungues), 
hoofs  (ungulsa),  and  nails  (lamnaa). 

The  old  view  that  the  hair,  like  feathers,  corresponds  to  the  scales  of 
reptiles  has  receutly  found  both  defenders  and  opponents,  the  latter  think- 
ing it  probable  that  the  hair  hjis  arisen  from  the  nerve-end  structures  of 
aquatic  vertebrates.  The  claws,  together  with  those  of  reptiles  and  birds, 
must  haye  come  from  horny  scales,  which  indeed  occur  in  many  amphibia 
as  hollow  cones  capping  the  toes.  The  dorsal  part  of  this  scale,  the  claw 
plate,  becomes  especially  strong,  its  formation  taking  place  at  the  base, 
the  root,  from  whence  it  is  forced  forward  over  the  bed  (in  man  the  limit 
of  nail  formation  is  shown  by  the  lanule).  The  yentral  part  of  the  scale, 
the  subangua  or  solenhorn,  is  poorly  deyeloped  in  true  claws  because  its 
region  is  restricted  by  the  arching  of  the  claw  plate  in  both  directions,  but 
is  more  evident  in  hoofs,  in  which  the  plate  is  curyed  only  horizontally. 
In  the  horse  it  forms  the  *  sole,*  lying  between  the  frog  and  the  hoof.  It  is 
rudimentary  or  entirely  lost  in  the  nails  of  apes  and  man. 

The  skin  of  mammals  is  further  characterized  by  its  richness 
in  glands,  of  which,  with  few  exceptions,  there  are  two  kinds, 
sebaceous  and  sweat  glands.  The  first  are  acinose  glands,  and  usu- 
ally open  in  the  hair  follicles,  giving  the  hair  the  required  oiliuess 
(fig.  645,  D),  The  sweat  glands,  except  in  the  monotremes,  are 
entirely  independent  of  the.  hairs,  and  are  simple  tubes,  coiled 
at  their  deeper  ends  {SD)y  secreting  a  fluid  sweat  which  is  of  great 
value  in  the  preservation  of  a  constant  temperature,  its  evapora- 
tion cooling  the  body.  Under  the  influence  of  sexuality  the  glands 
in  certain  regions,  and  especially  the  sebaceous  glands,  develop 
great  activity  and  form  considerable  glandular  pouches  or  pockets: 
caudal  and  anal  glands  of  many  carnivores,  hoof  glands  and  sub- 
orbital glands  of  ruminants,  musk  and  castor  glands  of  musk  deer 
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and  beaver  (fig.  652^  a).  More  important  than  these  are  the  modi- 
fications of  dermal  glands  into  mammary  or  milk  glands^  which, 
indeed  are  so  characteristic  that  they  have  giyen  rise  to  the  name 
mammalia.  These  are  almost  invariably  sebaceous  glands  (in  the 
monotremes  sweat  glands)  which  empty  in  great  numbers  upon  a 
restricted  area  of  the  skin,  which,  except  in  monotremes,  is  elevated 
into  true  nipple  (fig.  646,  A),  or  around  which  the  adjacent  skin 

A  B 
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Fio.  646.-^,  true,  B,  false  nipple.    (After  Gegenbanr.) 

becomes  elevated  in  tubular  form  {B)  as  in  the  cows.  The  mam- 
mae are  always  symmetrically  arranged  upon  the  ventral  surface, 
sometimes  in  the  breast  region,  but  more  frequently  in  the  inguinal 
region.  There  are  at  least  two,  usually  more  (22  in  Genietes).  In 
general  the  n umber *correspond8  to  the  maximal  number  of  young 
at  a  birth. 

A  dermal  skeleton  occurs  in  few  species  («.^.,  the  firm  bony 
plates  of  the  armadillos) :  on  the  other  hand  the  axial  skeleton 
shows  many  features  not  occurring  elsewhere.  In  the  skull  many 
ol  the  bones  already  referred  to  are  evident  only  as  centres  of  ossi- 
fication, fusing  early  with  their  neighbors  to  form  larger  bones. 
As  the  temporal  bone  shows,  parts  of  diverse  origin  may  fuse — parts 
of  the  visceral  skeleton  and  parts  of  the  crania m;  membrane  and 
cartilage  bones — so  that  a  sharp  line  between  cranial  and  facial 
portions  cannot  be  drawn.  So  it  becomes  necessary  in  describing 
the  skull  not  to  follow  exactly  the  model  adopted  so  far,  but  to 
take  that  of  human  anatomy. 

In  the  hinder  region  of  the  skull  is  a  large  occipital  bone  (figs. 
561,  562),  jointed  to  the  atlas  by  double  occipital  condyles,  and 
arising  by  the  fusion  of  the  four  bones  of  the  occipital  region. 
Besides  it  includes  usually  a  membrane  bone,  the  interparietal, 
which  occurs  only  in  mammals.  This  is,  strictly  speaking,  a 
paired  bone,  arising  in  the  angle  between  the  parietal  and  the 
supraoccipital  and  fusing  with  the  latter.  In  front  of  it  lie  in  the 
root  of  the  cranium,  as  in  other  vertebrates,  the  parietals  (fused 
with  the  interparietals  in  many  ruminants  and  rodents),  the 
liontals  and  nasals,  the  lachrymals  being  always  associated  with 
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theni.  In  the  floor  of  the  cranium  the  sphenoid  bone  lies  in  front 
of  the  basioccipital  portion  of  the  occipital.  In  many  mammals 
this  consists  of  an  anterior  and  a  posterior  portion  throughout  life : 
in  man  this  condition  occurs  at  least  in  the  embryo.  Each  of 
these  parts  in  development  consists  of  three  elements,  the  posterior 
of  the  basiaphenoid  as  the  body,  and  the  paired  alisphenoid<i  (great 
wings) ;  the  anterior  is  similarly  composed  of  the  presphenoid  and 
the  paired  orbitosphenoids  {lesser  wings)  (fig.  5G2,  Spb,  Ps,  A!.--. 
Ois).  In  front  of  the  sphenoid  lies  the  ethmoid,  Eth,  liiiewise 
formed  from  three  parts,  the  mesethmoid,  which  forma  a  partition 
between  the  two  nasal  cavities,  and  the  paired  ectethmoids,  which 
form  the  lateral  walls  of  the  nasal  cavities.     These  last  have  com- 


Fio.  61T.~Skiill  at  embryo  TattinSa,  (After  Parker,  from  Wiedershelm.)  CartlUge 
dotted.  inembrHne  and  membrane  biinea  lined.  ",  Incus  (quadrate):  de.  dentur: 
fr.  troDtAl;  h.  (above)  membrane  over  anterior  fontanelle.  (below)  bj-old  bonea: 
(m.  premaxlUary:^,  JUHallinslar):  fi^  remnants  ol  Kill  arcb:  lo.  laobrymal: 
mfc.Ueckel'a  cartilaRe;  mx.  maiillary;  ii.  malleag  (artVcularel:  nn,  nasal:  »,  oc- 
cipital (.'artUaRe; 'w>,  suproocclpltal;  jici.  parietal:  {k,  petrosal :  «ii,  squamosal:  <«. 

plicated  folds  on  their  inner  surface,  the  superior  and  middle 
turbinated  bones,  which  support  the  olfactory  membrane,  thus 
greatly  increasing  its  surface.  With  these  is  associated  the  os  tar- 
binale,  a  distinct  bone,  the  inferior  turbinated  bone  of  human 
anatomy. 

The  temporal  bone,  which  is  intercalated  between  the  roof  and 
floor  of  the  skull,  can  only  be  understood  by  its  embryonic  rela- 
tions and  its  connexion  with  the  first  and  second  visceral  arches 
(fig.  047).  Its  centre  is  formed  by  the  petrosal  (pe),  developed 
in  the  walla  of  the  otic  capsule,  to  which,  as  elsewhere  in  the 
vertebrates,  are  attached:  (1)  the  cartilaginous  jaw  arches,  the 
quadrate  (a),  and  the  mandibular  (»  and  mk) ;  (3)  the  cartilaginoiu 
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hyoid  arch,  the  stapes  (in  part  equalling  the  hyomandibular,  st)^ 
and  the  hyoid  proper  {Ji)  (compare  with  the  visceral  skeleton  of 
the  selachian,  fig.  588).  To  these  are  added  the  membrane  bones, 
the  squamosal  {sq),  at  the  base  of  the  quadrate,  which  increases  as 
the  latter  loses  in  size,  and  below  the  squamosal  the  tympanic  {ty). 
With  ossification  of  the  cartilaginous  parts  several  centres  form 
the  petrosum,  which  fuses  with  the  squamosal,  and  frequently 
with  the  tympanic,  which  in  some  forms  enlarges  to  a  conspicuous 
bulla  ossea.  Petrosum  and  squamosal  on  the  one  side,  tympanic 
on  the  other,  enclose  a  space,  the  tympanic  cavity,  into  which  the 
upper  parts  of  both  visceral  arches  extend,  ossifying  into  the  ear 
bones,  the  quadrate  to  the  incus,  the  hyomandibular  possibly  to 
stapes  (fig.  577). 

The  tympanic  in  uniting  with  the  squamosal  (forming  Glaser^s 
fissure)  encroaches  on  the  mandibular  cartilage  so  that  the  upper 
end  (/i),  which  is  homologous  with  the  articulare  of  other  ver- 
tebrates, is  enclosed  in  the  tympanic  cavity  and,  along  with  a  sec- 
ond bone,  the  angulare,  ossifies  to  form  the  malleus,  while  the 
lower  portion,  Meckel's  cartilage  proper  {ink),  becomes  pinched 
off.  Meckel's  cartilage  gradually  disappears;  on  the  other  hand 
the  surrounding  membrane  bone,  the  dentary  {de)  increases  and 
alone  forms  the  lower  jaw,  which  now  forms  a  new  articulation 
w4th  the  squamosal.  It  will  be  noticed  that  the  old  articulation 
was  between  cartilage  bones,  the  new  between  membrane  bones 
developing  around  the  cartilages.  (There  is,  however,  some  evi- 
dence to  &how  that  the  mammalian  lower  jaw  consists  of  several 
bones,  some  of  them  preformed  in  cartilage,  and  that  one  of  these 
forms  the  articulation  with  the  squamosal.) 

The  lower  part  of  the  hyoid  arch,  the  hyoid,  remains  outside  the 
ear  and  often  fuses  with  the  petrosal.  The  upper  end  (styloid 
process)  may  then  become  entirely  separate  from  the  lower,  which 
becomes  attached  to  the  copula  (body  of  hyoid)  as  the  anterior 
horn,  the  connecting  cartilage  being  reduced  to  a  stylohyoid  liga- 
ment. In  the  hyoid  of  mammals  there  is  also  included  a  remnant 
of  a  gill  arch  as  the  posterior  horn. 

As  the  quadrate,  by  its  modification  into  the  incus,  becomes 
strikingly  reduced,  the  rest  of  the  arch — vomer,  palatine,  and 
pterygoid — is  poorly  developed  in  contrast  to  the  large  maxillary 
bones.  Premaxillaries  and  maxillaries  (fused  in  man  to  a  single 
bone)  form  an  important  element  in  the  face,  and  send  backwards 
and  inwards  palatine  processes  into  the  roof  of  the  mouth.  These 
encroach  upon  the  bones  of  the  palatal  series;  the  vomers  of  the 
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two  sides  are  pressed  together  to  a  single  bone  lying  yertically 
entirely  within  the  nasal  partition;  the  palatine  and  pterygoid  are 
forced  backwards.  The  palatines  contribute  to  the  hard  palate, 
the  pterygoids  only  exceptionally  (Getacea^  many  edentates);  the 
latter  usually  lose  their  independence  and  fuse  with  the  nearest 
bone  of  the  base  of  the  cranium,  the  basisphenoid  (more  accurately 
with  a  process  of  the  basisphenoid,  the  lamina  externa  of  the 
pterygoid  process,  the  pterygoid  forming  the  lamina  interna). 
Thus  the  hinder  sphenoid,  like  the  temporal,  contains  cranial  and 
visceral  elements. 

In  the  vertebral  column  the  cervical  and  the  rib-bearing 
thoracic  vertebrae  are  always  distinct,  and  the  same,  with  the  ex- 
ception of  the  Cetacea  and  Sirenia,  ia  true  of  lumbar,  sacral,  and 
caudal  vertebrae.  Of  sacrals  there  is  one  in  all  embryos,  and 
throughout  life  in  the  marsupials,  elsewhere  from  two  to  five, 
rarely,  as  in  edentates,  as  many  as  thirteen.  The  number  of  ver- 
tebrae in  each  group  is  rather  restricted.  Thus,  except  in  Brady- 
pus  tridaciylus  (9),  Cholcepus  hoffmanni  and  Manatus  (6),  the 
jiumber  of  cervicals  is  always  seven. 

Of  the  appendicular  skeleton  the  girdles  are  most  interesting. 

The  coracoid,  which  in  mono- 
tremes  reaches  the  sternum,  is 
reduced  in  all  other  mammals  to 
a  small  coracoid  process  of  the 
scapula.  More  rarely  the  clavicle 
is  lacking  (rapid  runners);  in 
the  monotremes  it  extends  to  the 
episternnm  (fig.  648,  C7,  £p); 
elsewhere  it  appears  to  articulate 
with  the  sternum,  in  reiility  by 
the  intervention  of  interarticular 
cartilages  (once  regarded  as  a 
rudimentary  episternum,  now 
«oracoid^£'p!'epi8terrmm^^  Called  prcclavise).     In  the  pelvis 

fossa  for   humerus;   S,   scapula;   Sf,       n  , ,  i  i  ^        j   i     ^ 

manubrium  sterni  (anterior  element    all  three   elements   are   lUSed  10  a 

of  sternum).  gj ^^^i^  ^g  iunomiuatum ;  pubis  and 

ischium  unite  ventrally  with  each  other,  enclosing  between  them 
the  obturator  foramen  (fig.  655).  The  pubes  of  the  two  sides 
unite  by  a  symphysis  which  can  extend  back  to  the  ischia. 

Since  the  mammals  in  general  are  distinguished  from  other 
vertebrates  by  their  intelligence,  the  brain  is  characterized  by  the 
size  of  cerebrum  and  cerebellum  (fig.  649).     In  contrast  to  birds 


Fio.  648.— Sternum  and  shoulder  girdle 
of  Omilhrrhynchwi  paradnjnis.  (From 
Wledershelm.)    C7,  clavicle^  0»,  Co' 
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and  fishes,  the  cGrebellnm  (7r)iB  differentiated  into  a  median 
vermis  and  lateral  cerebellar  hemispheres.  In  the  uerebrum  the 
mautle  comes  first  into  consideratioD.  Its  frontal  lobes  grow  for- 
wards over  the  olfactory  lobes,  which  consequently  lie  farther  and 
further  back  on  the  lower  surface.  The  temporal  lobes  extend 
right  and  left  over  the  optic  lobes  and  down  to  the  floor  of  the 
cranium;  the  occipital  lobes  cover  successively  the  mid  brain,  cere- 
bellum, and  medulla  oblongata.  Since  the  greatest  increase 
of  intelligence  lies  within  the  mammals,  the  cerebra  may  be 
arranged  in  an  ascending  eeries.  In  the  monotremes,  marsupials, 
insectlvora,  and   rodents  (fig.   649,   A)   the   olfactory  lobes  are 


Fia.  M9.—A.  br&ln  of  rabbit  (aR«r  GeBenbanr):  B,  of  Bsh  otter.  C,  of  psTlaD 
mi>nki-y  isfterLenretandUrsttoletl.  J.  lerebrnm:  i//.optlo  lobes:  IV,  curebel- 
lum:  V,  medulla  oblongata ;  lo.  olfactory  lobes. 

visible  in  front,  usually  the  mid  brain  behind  (///).  In  the  lemurs, 
carnivores  (fig.  649,  B),  and  ungulates  the  olfactory  lobes  are 
completely,  the  cerebellum  partly,  covered.  In  man  and  the 
anthropoid  apes,  on  removing  the  roof  of  the  skull,  only  the  two 
cerebral  hemispheres  are  risible,  all  other  parts  being  more  or  less 
completely  covered. 

Further,  it  is  to  be  noted  that  in  the  first  group  the  surface  of 
the  cerebrum  is  smooth,  while  in  the  others  the  cortex  is  increased  , 
by  infolding  and  the  formation  of  convolutions  (gyri  and  sulci) 
which  reach  their  greatest  complication  in  the  authropoid  apes 
and  especially  in  man.  A  consequence  of  the  increase  in  size  of 
the  brain  is  the  great  development  of  the  connecting  nerve  tracts, 
which  become  more  and  more  prominent  as  parts  of  the  brain. 
Thus  the  two  halves  of  the  cerebrum  are  connected  by  a  largo 
transverse  tract,  the  corpus  callosum;  two  solid  cords,  the  crura 
cerebri,  run  back  from  the  cerebrum  to  the  other  parts,  while  a 
transverse  commissure,  the  pons  Varolii,  passes  below,  connecting 
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the  two  sides  of  the  cerebellum.  These  connexions  in  the  other 
vertebrates  are  small,  and  even  in  the  lower  mammals,  like  mono- 
tremes  and  marsupials,  are  bat  slightly  developed. 

The  increase  of  cerebrum  and  cerebellum,  which  occurs  chiefly  in  the 
dorsal  portion,  has  resulted  in  flexures  in  the  axis  of  the  brain,  already  in- 
dicated in  the  reptiles,  increased  in  the  birds,  and  reaching  their  maximum 
in  the  mammals.  Instead  of  continuing  in  the  course  of  the  spinal  cord, 
the  axis  of  the  brain  bends  ventrally  in  the  medullar  region  (cervical 
flexure),  then  in  the  region  of  the  pons  again  dorsally  (pontal  flexure),  an 
at  the  level  of  the  optic  lobes  again  ventrally  (cephalic  flexure).  By  its 
increase  in  size  the  brain  has  influenced  the  skull  in  an  interesting  way  ; 
for,  while  even  in  birds  the  brain  is  almost  entirely  confined  to  the  region 
behind  the  eyes,  in  the  higher  mammals  it  has  extended  forward  to  the 
olfactory  region.  Thus  there  comes  an  increase  of  the  cranium  at  the  ex- 
pense of  the  face.  The  relative  sizes  of  the  two  were  adopted  by  Camper 
as  an  index  of  intelligence,  and  were  measured  by  *  Camper^s  angle,'  a 
method  which  has  since  undergone  considerable  improvements. 

Of  the  sense  organs  the  nose  is  characterized  by  three  features. 
An  outer  nose^  supported  by  cartilage  and  often  extended  as  a 
proboscis^  has  been  formed.  Its  cavity  has  been  increased,  since 
by  the  formation  of  hard  and  soft  palate  a  part  of  the  primitive 
mouth  cavity  has  ,  been  included  in  it.  Its  upper  portion,  the 
olfactory  region,  has  been  complicated  by  the  formation  of  olfactory 
folds,  supported  by  the  turbinated  bones  already  referred  to  (p. 
620).  To  increase  the  mucous  surface  there  are  extensions  of  the 
nasal  cavity,  frontal,  maxillary,  and  sphenoidal  sinuses,  into  the 
corresponding  bones.  The  eye  has  the  upper  and  lower  lids,  besides 
the  nictitating  membrane  in  a  more  or  less  reduced  condition. 
The  ear,  except  in  monotremes,  Cetacea,  Sirenia,  and  some  seals, 
has  a  conch  supported  by  cartilage,  while  the  external  auditory 
meatus  is  always  present.  Internally  the  ear  is  much  modified, 
since  the  three  bones^  malleus,  incus,  and  stapes  (p.  544),  occur 
nowhere  else,  while  the  lagena  has  been  greatly  lengthened,  coiled 
into  a  spiral  with  two  to  four  turns  (figs.  80,  576),  while  inside 
the  wonderful  organ  of  Corti  has  been  developed. 

Of  digestive  structures,  the  teeth — which  are  restricted  to  max- 
illary, premaxillary,  and  dentary  bones — need  special  mention, 
because  of  the  distinctions  they  afford  from  all  other  vertebrates, 
and  because  of  their  importance  in  differentiating  the  various 
orders.  If  we  omit  the  monotremes,  edentates,  and  whales,  in 
which  there  is  marked  degeneration  in  the  dentition,  there  are 
four  particulars  which  show  the  dentition  of  manmials  more  de- 
veloped than  that  of  other  vertebrates.     (1)  The  number  of  teeth 
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ia  constaDt  for  the  species,  usually  for  the  genus,  and  often  for 
the  family.  As  man  normally  has  thirty-two  teeth,  so  the  dog 
liaa  forty-two,  the  anthropoid  apes  thirty-two,  the  platyrhiue  apes 
thirty-six,  etc.  (2)  The  teeth  are  firmer.  The  body  of  dentine 
is  divided,  by  a  slight  constriction,  into  a  crown  covered  with 
enamel,  and  a  root  enveloped  in  cement  (bony  tisBne).  The  roots 
are  placed  in  separate  sockets  (alveoli)  in  the  jaws,  and  in  those 
cases  where  continoons  growth  is  necessary  the  palp  persists  and 
the  teeth,  as  in  the  incisors  of  rodents  and  the  tasks  of  elephants 
and  pigs,  grow  indefinitely,  (3)  In  consequence  of  their  greater 
firmness  the  teeth  are  not  nsed  up  so  fast  and  do  not  require  rapid 
replacement.  There  occurs  only  one  change,  in  which  the  denti- 
tion present  at  birth  or  developed  soon  after — the  milk,  or  lacteal, 
dentition  or,  better,  first  dentition — is  replaced  by  the  second  or 
permanent  dentition  (diphyodont  mammals).  In  some  cases 
(monophyodout  mammals)  there  is  no  change,  the  first  dentition 
being  permanently  retained  (marsupials,  perhaps  toothed  whales), 
or  the  first  dentition  is  more  or  less  rudimentary  (edentates,  many 
rodents,  bats,  seals,  some  iosectivores).  Besides  the  two  typical 
dentitions  traces  of  a  third  or  even  of  a  fourth  may  occur.  A 
prelacteal  dentition  of  calcified  germs  which  are  never  functional 
is  best  seen  in  marsupials,  and  is  rare  in  placental  mammals.  A 
dentition  following  the  permanent  one  is  outlined  in  many  placen- 
talia,  and  some  of  its  teeth  may  exceptionally  come  into  function. 
(4)  Among  the  teeth  a  division  of  labor  has  brought  about  change 
of  form  (heterodont  dentition).  The  teeth  of  the  premasiilaries  and 
their  antagonists  in  the  lower  jaw  are 
eingle-rooted  and  usually  have  more  or 
less  a  chisel  shape,  hence  they  are 
called  incisors  even  when,  as  in  in- 
Eectivores,  the  crowns  are  needle-like 
(fig.  661).  Behind  the  incisors  (in  the 
maxillary  bone  in  the  upper  jaw)  is 
the  canine  tooth  (fig.  650,  c),  which  is  \l\ 
single- rooted  and  has  usually  a  conical 
crown  (probably  a  modified  premolar). 
Following  the  canine  come  the  mo- 
lars, broad  teeth  mostly  with  two  roots  fiq. 
and  tubercular  crowns.     Only  the  an-     Bom.)    ccsniDes;  v^-p*,  pre- 

.       .  ■       ii  -11      a  molars:  ni',niolar(tliB  milk  den- 

tenor  ones  appear  in  the  milk  den-     tition  du-ker  aud  «>oh  letter 
tition,  while  the  others  appear  only  in     ""^'^  ■"""■ 
the  permanent  dentition  and  are  not  replaced.     On  this  develop- 
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mental  basis  the  molars  are  divided  into  premolars  (bicuspids  of 
dentists),  which  appear  in  both  dentitions,  and  the  true  molars, 
which  occur  only  in  the  last. 

From  the  foregoing  it  will  be  seen  that  every  species  of  mam- 
mal is  characterized  by  its  dentition,  and  these  features  may  be 
expressed  by  a  short  formula.  It  is  only  necessary  to  place  the 
number  of  each  of  the  four  kinds  of  teeth  mentioned  in  their  regular 
order,  those  of  the  upper  jaw  separated  from  those  of  the  lower  by 
a  horizontal  line,  to  express  this.  Since  the  two  sides  of  the  body 
are  symmetrical,  only  those  of  one  side  need  be  enumerated,  and 
in  case  that  one  kind  be  absent  the  deficiency  is  indicated  by  a 
zero.  The  dental  formula  of  man  would  thus  be  |H|;  of  the  rein- 
deer, in  which  in  the  upper  jaw  incisors  and-  canines  are  absent, 
^UK  The  different  formulae,  by  comparison,  give  us  a  funda- 
mental formula  from  which  they  have  been  derived  by  reduction. 
This  was  probably  ^Hi- 

The  molars  undergo,  according  to  the  food,  the  greatest  modification 
of  form.  As  a  starting  point  the  bunodont  tooth  may  be  taken  which 
occurs  in  omnivorous  mammals  and  which  has  the  crown  with  several 
blunt  projections  or  cones.  With  animal  food  (fig.  650,  657)  the  cones  be- 
come sharper  and  cutting  (secodont  dentition  of  carnivores  and  insec- 
tivores)  and  when  the  cutting  angle  becomes  very  sharp,  with  a  special 
prominence  on  the  inner  side,  it  is  spoken  of  as  a  flesh  or  camasial  tooth. 
In  vegetable  feeders  the  cones  become  connected  by  crests  (lophs)  or  are 
half-moon-shaped  (lophodont  or  selenodont).  Since  the  cones  and  lophs 
become  in  part  worn  away  and  the  grooves  between  them  are  filled  with 
cement,  there  arise  broad  grinding  surfaces  strengthened  by  the  harder  and 
more  resistant  enamel  of  the  cones  and  lophs ;  this  extends  inwards  as 
folds  from  the  outer  enamel  wall  of  the  tooth  ;  the  folds  may  become  cut 
off  and  form  islands  of  enamel  on  the  grinding  surface  (dentes  complicati 
of  ungulates).  When  the  folds  extend  in  regular  order  from  the  outside 
and  inside  and  meet  in  the  middle  they  form  numerous  successive  leaves, 
bound  together  by  cement  (compound  teeth  of  elephants,  fig.  667,  and 

many  rodents). 

Paloontological  investigation,  with  which  the  more  recent  embryologi- 
cal  results  are  in  accord,  has  shown  that  a  great  regularity  prevails  in 
the  formation  of  the  cones  of  the  molars.  Triconodont  and  tritubercular 
teeth  are  recognized,  in  which  the  three  cones  are  either  arranged  in  a 
line  or  in  a  triangle,  as  well  as  multitubercular  teeth  with  more  numerous 
cones  irregularly  arranged.  The  triconodont  type  develops  farther  by  the 
formation  of  secondary  cones.  The  development  of  these  occurs  in  dif- 
ferent ways  in  molars  and  premolars.  Since  the  latter  are  the  more  sim- 
ple, their  distinction  from  the  molars  does  not  rest  alone  upon  the  existence 
of  a  milk  dentition,  but  upon  strncture  as  well.  This  is  important,  because 
it  happens  tliat  there  are  premolars  which  are  not  replaced  (marsupials. 
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many  insect! vores  and  rodents)  and,  on  the  other  hand,  beneath  the  molars 
the  aniagen  of  replacing  teeth  may  be  fonnd.  The  latter  fact  shows 
that  the  molars,  strictly  speaking,  belong  not  to  the  permanent  but  to  the 
milk  dentition.  They  are  late  in  formation  and  are  therefore  parts  of  the 
first  dentition  carried  over  into  the  second. 

The  mouth,  which  contains  tongae  and  teeth,  is  separated  from 
the  next  division  of  the  alimentary  tracts  the  pharynx,  by  the 
uvula.  The  pharynx  narrows  behind  into  the  oesophagus,  the  en- 
trance of  which  into  the  stomach  is  marked  by  a  constricting 
cardia.  At  its  other  end  the  stomach  has  a  similar  constrictor, 
the  pylorus,  separating  it  from  the  intestine.  In  the  latter  small 
and  large  intestines  (the  latter  consisting  of  colon  and  rectum) 
are  differentiated  by  the  diameter  of  the  lumen.  The  small  in- 
testine opens  laterally  into  the  colon  and  at  the  junction  arises  a 
blind  diverticulum,  the  caecum,  which  is  small  in  mammals  with 
animal  food,  but  in  herbivores  (especially  rodents)  is  always  large 
and  forms  a  conspicuous  part  of  the  alimentary  tract.  The  ver- 
miform appendix  (primates,  rodents)  is  a  narrower  part  of  the 
caecum.  Three  pairs  of  salivary  glands  empty  into  the  mouth, 
the  liver  and  pancreas  into  the  small  intestine  (duodenum). 

Most  important  of  respiratory  peculiarities  is  the  diaphragm, 
which  separates  the  body  cavity  into  thoracic  and  abdominal  cavi- 
ties. This  occurs  only  in  its  beginnings  in  other  vertebrates 
(perhaps  even  in  Amphibia).  In  the  thoracic  cavity  are  the 
oesophagus,  heart  with  its  pericardium,  and  especially  the  trachea, 
bronchi,  and  lungs;  the  remaining  vegetative  organs  are  in  the 
abdominal  cavity.  The  diaphragm  is  a  muscular  dome,  its  con- 
vex side  towards  the  thoracic  cavity;  by  contraction  it  flattens  an 
increases  the  size  of  the  cavity,  in  consequence  of  which  air  is 
drawn  into  the  lungs  (inspiration).  On  relaxation  the  lungs  con- 
tract from  their  own  elasticity  and  force  out  a  part  of  the  air 
(expiration),  The  intercostal  muscles,  which  raise  and  lower  the 
framework  of  the  chest,  also  play  a  part,  as  in  birds.  The  respira- 
tory ducts  (fig.  579)  begin  with  the  larynx  (with  vocal  cords), 
which  can  be  closed  from  the  pharynx  by  the  epiglottis;  this  is 
followed  by  the  trachea,  which  divides  into  right  and  left  bronchi. 
Each  bronchus  divides  again  and  again,  and  the  finest  of  these 
divisions,  the  bronchioles,  are  continued  as  alveolar  ducts  to  small 
chambers,  the  infundibula,  both  these  and  the  alveolar  ducts  being 
lined  with  small  respiratory  pockets,  the  alveoli. 

The  heart,  with  two  auricles  and  two  ventricles,  is  completely 
separated  into  systemic  and  pulmonary  halves.     In  early  embryonic 


628  CBORDATA. 

life  the  arterial  trunk,  wbiclt  at  first  ia  simple,  is  divided  into  a 
pulmonary  artery,  arising  from  the  right  half  of  the  heart  and 
carrying  venoTia  blood,  and  an  aorta  ascendens,  with  arterial  blood, 
connected  with  the  left  half.  In  contrast  with  the  reptiles,  the 
right  aortic  arch  is  entirely  lost,  the  left  persisting. 

The  urogenital  system  is  of  great  importance  in  the  separatVit 
of  the  group  into  smaller  diriaions  (fig.  651).  In  both  sexes  th  i 
consists  of  practically  the  same  parte  in  early  embryonic  life. 
These  are  the  early  formed  Wolffian  body  (IF);  the  permanent 
kidneys,  which  appear  litter  and  are  not  shown  in  the  diagram; 
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the  urinary  bladder  (4),  a  part  of  the  allantois  which  extends  (5) 
into  the  fcetal  appendages;  the  three  dncta,  the  Mflllerian  (m), 
the  WolfBan  (w),  and  the  ureter  {3).  These  ducts  no  longer 
empty  into  the  intestine,  but  into  the  allantoic  structures,  the 
ureters  into  the  base  of  the  urinary  bladder,  the  Wolffian  and 
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MuUerian  ducte  into  the  nrogenital  einas  {ug),  the  lower  contioua- 
tion  of  the  bladder.  The  gonad  is  connected  with  the  WolfiSan 
tlUct.  In  the  anterior  wall  of  the  nrogenital  einus  is  a  mass  of 
liighly  vascular  tissne  (cp),  from  which  and  a  anrrounding  fold  the 
external  genitalia  are  developed.  Since  the  urogenital  einus  opens 
jfrom  in  front  into  the  intestine,  there  is  always  a  claoca  {cl)  in 
'  ae  embryonic  stages,  which  persists  throughout  life  in  the  mono- 
.remes,  and  to  a  considerable  extent  in  the  female  marsupials;  in 
all  other  vertebrates  it  is  divided  by  a  partition,  the  perinssum, 
into  a  urogenital  opening  in  front  And  an  anal  opening  behind.    ' 

From  this  indifferent  condition  the  male  and  female  apparatus 
are  derived,  the  structures  being  closely  similar  in  moat  males  (fig. 
65^).  The  MuUerian  duct  vanishes,  while  the  Wolffian  duct  be- 
comes the  vas  deferens  and  its  accessories,  serving  as  a  canal  for 
the  genital  products,  while  the  external  genitals  arise  from  the 
other  parts  mentioned,  these  forming  an  intromittent  organ 
(penis).  In  the  female  the  WolfBan  body  and  duct  degenerate, 
the  Mtillerian  ducts  become  the  reproductive  canals.  The  modi- 
fications of  these  become  of  great  systematic  importance.  In  the 
monotremes  both  ducts  open  separately  and  become  differentiated 
into  two  parts  (fig.  653,  A),  anterior  oviducts  with  wide  openings 
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into  the  body  cavity  {od,  i)  and  the  uterus  (w).  The  ureters  open 
into  the  sinns  (and  not  into  the  bladder)  between  the  uterine 
openings.  In  the  marsupials  {B  and  C)  there  are  three  divisions, 
oviduct,  uterus,  and  vagina;  besides,  the  two  Mullerian  ducts  may 
approach,  near  the  uterus  {B),  or  fuse  in  this  region  (C)  in  some 
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species,  forming  an  unpaired  blind  sac  (i;i),  which  may  even  open 
into  the  urogenital  sinus  as  a  third  vagina.  Tliis  partial  fusion  of 
the  vaginse  of  the  marsupials  is  completed  in  the  placental  mam- 
mals, the  single  vagina  and  the  sinus  forming  a  single  canal  (fig. 
654).     Here  the   uterine   portions  may   remain  distinct  (uterus 

A 


Fio.  66i.—^,  uterus  duplex;   U^  uterus  bicornis;  r,  uterus  simplex.    (From  Oegen- 

baui*.)    od^  oviduct;  v,  uterus;  v,  vagina. 

duplex  of  rodents,  A)^  or  they  may  fuse  partially  (uterus  bicornis 
of  insectivores,  whales,  ungulates,  and  carnivores,  i?),  or  they  may 
be  completely  fused  (uterus  simplex  of  apes  and  man,  C), 

Thus  there  are  three  different  types  of  the  female  genitalia,  in 
which  the  vagina  is  not  differentiated  (Ornithodelphia),  or  is 
double  (Marsupialia),  or  is  single  and  unpaired  (Monodelphia). 
To  these  correspond  three  types  of  development.  The  Ornitho- 
delphia are  oviparous,  the  others  viviparous,  but  are  distingaished 
by  the  duration  of  pregnancy.  The  eggs  of  the  viviparous  forms 
are  so  small  (about  .01  inch)  that  they  have  a  total,  nearly  equal 
segmentation.  Such  eggs  require  nourishment  from  the  mother 
in  order  to  produce  an  animal  with  the  complicated  structare  of  a 
mammal.  Since  in  the  Didelphia  the  uterine  nourishment  is 
usually  very  incomplete,  the  period  of  pregnancy  is  very  short, 
in  comparison  with  the  Monodelphia,  in  which  a  placenta,  a  com- 
plicated apparatus  for  the  nourishment  of  the  young,  appears; 
hence  the  marsupials,  with  their  small  imperfectly  formed  young, 
are  often  called  Aplacentalia;  the  Monodelphia,  Placentalia. 

All  mammals  care  for  the  young,  this  being  chiefly  or  wholly  done  by 
the  mother,  who  not  only  supplies  them  with  milk  but  protects  them  in 
warm  if  rude  nests.  Most  mammals  are  monogamous,  some  polygamous, 
while  in  others  there  is  no  permanent  association  of  the  sexes.  The  body 
temperature  is  constant  and  ranges  from  SC**  to  41**  C.  (98*  to  106*  F.) ;  in 
Echidna  it  is  only  26"  to  84"  C.  (79**  to  88'  F.).  In  most,  continual  feeding 
is  necessary  for  existence;  from  this  rule  there  are  a  few  exceptions,  like 
the  bears,  marmots,  badgers,  etc.,  which  hibernate  during  the  winter^ 
taking  no  food.  At  this  time  there  is  a  fall  in  the  temperature  due  to  the 
diminished  metabolism. 
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Sub  Class  I.   Monoiremata  {Ornithodelphia,  Prototherta). 

A  few  mammals,  confined  to  Australia  and  New  Qninea, 
divided  among  tbe  genera  Echidna,  Proechidiia,  and  OmiHw- 
rhi/nchiis,  are  the  only  living  representatives  of  the  group.  They 
are  distinguished  from  all  other  mammsls  by  laying  eggs  about 
half  an  inch  long,  rich  in  yolk  and  with  soft  shells.  These  undergo 
in  the  uterus  a  discoidal  (meroblaBtic)  segmentation  and  are  then 
incubated  by  Omi/korkt/tichus  in  a  neat,  by  Echidna  in  a  tempo- 
rary pouch  (marsupinm)  on  the  ventral  surface  of  the  body.  On 
hatching  the  young  are  nourished  by  the  secretion  of  enormously 
enlarged  sweat  glands,  which  form  two  large  masses  to  thu  right 
and  left  of  the  mid-ventral  surface,  and  which  must  not  be  con- 
founded with  the  milk  glands  (sebaceous)  of  other  mammals. 
£uch  opens  on  a  special  region  of  the  ventral  surface,  which  is 
slit-like  in  OrnithoThynchus,  a  flattened  pocket  in  the  others. 

Other  distinctions  from  other  mammals,  which  are  also  points 
of  resemblance  to  reptiles  and  birds,  are  the  strong  development 
of  the  epistemum  and  the  extension  of  the  coracoid  to  the  ster- 
num (fig.  648),  the  termination  of  the  ureters  in  the  urogenital 
BiDua    and    not  in  the  fundus  of  the  bladder  (fig.  653),  the  exist- 
ence of  a  cloaca  in  both  sexes,  and  the  specifically  bird-like  char- 
acter  of  the  female  sexual  organs,  in  which  the  large  left  ovary  is 
alone    functional,  and  uterus    and 
TAgina  are  not  differentiated.     But 
with  all  this  it  must  not  be  forgot- 
ten that  the  monotremes  have  the 
hair,  the  skull,  the  urogenital  sinas 
of  true  mammals,  and  in  the  pres- 
ence of  marsupial  bones  (fig.  665,  ^ 
Om)  show  a  close  relationship  with 
the  marsupials.     The  upper  end  of 

the  hyoid  is  connected  directly  or  by  _ 

a  ligament  with  the  cartilaginons 
auditory  opening,  while  a  scarcely 
visible  external  ear  occurs.    The  jaws 

are  toothless  and  enclosed  in  homy     ...AvnrAi.i  pntadoxta.  (Fi 
sheaths,  yet  in  the  young  of  Orni- 
thorhynchm  there  are  in   each  jaw     '"'^pui  bo-.;  p.obpuw. 
three  pairs  of  muUitubercular  molars,  which  are  later  replaced 
by  four  broad  horny  platei^. 


Pelvis  (loft  aide)  nf  Om'fA- 

<l  l/niadoina.    (From  Wlo- 

derehelm.l     Fn,   obturator    fora- 
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EcaiDNiD^.  The  apinj  ant-eaters  haire  the  body  covered  with  bristles, 
BDout  with  a  worm-shaped  tongue  used  iu  catchiDg  insects;  Ec/iidtia 
aculeata  of  Australia,  feet  five-toed,  with  digging  claws ;  Proeehidna 
[Acanthoglosmg)  of  New  Guinea,  three-toed,  ORNiTHORHrNCHiiif.  The 
duckbills  are  toothless,  close-haired  auimsls  wilb  horny  jaws  which 
resemble  those  of  a  duck;  the  five-toed  feet  with  a  swimming  web  especially 
well  developed  on  the  fore  feet,     Omithorhynctuts  paradoceua  of  Australia. 


Fio.  tia.—OmilliBr\yjicltu»panidorut,  dockblU.    (From  Scbmofda.) 

The  male  has  a  spine  with  n  gland  on  the  hind  feet  which  fits  in  a  corre- 
sponding pit  on  the  thigh  of  the  female  and  apparently  plays  a  rdle  in 
copulation. 

The  oldest  fossil  mammals  are  possibly  to  be  regarded  as  belonging  to 
the  monotremes.  These  appear  in  the  Irias  and  form  a  gronp,  MULTITT- 
BERCULATA  (AUotlieria),  which  is  hut  imperfectly  known  (Tritybxlon, 
Microlestes,  Plagiaulaxy.  Their  multitul>ercular  teeih  resemble  the  tempo- 
rary ones  of  Ornithorhynchiis,  while  there  iire  indications  that  the  cora- 
coid  existed  as  a  distinct  bone.  Less  certain  are  the  Protodonta  {Dronm- 
tkerium,  Microoanodon)  of  the  American  Jurassic,  of  which  only  the  lower 
jaws  are  known. 

Sub  Class  IT.  Marsupialia  (Didelphia). 
These,  like  the  remaining  mammals,  are  viviparous.  They 
have  small  eggs  which  undergo  a  total  segmentation  in  most  species, 
and  develop  in  the  maternal  uterns,  being  nourished  by  a  secre- 
tion from  its  walls.  In  a  few  species  there  ia  a  placenta  which,  in 
Peramehs,  is  allantoic  in  origin,  in  Dasyurus  viverrinvs  poasibly 
also  from  the  yolk  sac.  In  most  species  there  ia  no  placenta.  In 
all  there  is  insufficient  nourishment  and  the  yonng  are  bora  ia  a  verj 
immature  condition.  They  are  therefore  carried  a  long  time  by 
the  mother  in  the  marBiipinm,  a  pouch  formed  by  a  fold  of  skiD 
on  the  posterior  ventral  surface,  into  which  the  nipples  open. 
The  ventral  surface  ia  supported  by  the  marsupial  bones,  slender 
rods  articulated,  right  and  left,  at  the  pubic  symphysis.  Other 
characteristics  of  the  marsupial  skeleton  are  the  inflected  posterior 
angle  of  the  lower  jaw  {fig.  6n7,  a)  and  the  rudimentary  replace- 
ment of  teeth.  The  milk  teeth  and  molars  {first  dentition)  are 
as  a  whole  retained,  only  premolar  3  being  replaced  by  another 
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tooth;  bnt  it  is  in  question  whether  this  belongs  to  the  second  den- 
tition or  is  a  belated  member  of  the  first.  The  seznal  apparatus 
has  already  been  described  (p.  630). 

Marsupials  are  known  from  the  secondary  (Jurassic)  and  tertiary  strata 
of  Europe  and  both  Americas.  They  were  apparently  then  spread  over 
the  whole  earth,  but  were  crowded  out  by  the  placental  mammals  and 
persisted  only  as  remnants  (Cctnolestes  and  the  opossums)  in  America,  but 
as  a  richly  developed  fauna  in  Australia.    In  the  latter  region  they  con- 


Fio.  657.— Lower  jaw  of  Thjfiacinun  eynocephaltu  (from  Flower),  showing  (a)  the 
inflected  angle  chaiacteristlc  of  marsupials;  cd,  articular  surface. 

tinned  because  here,  on  account  of  the  early  separation  of  this  continent 
from  the  rest  of  the  world,  no  development  of  Placentalia  occurred.  The 
placentals  are  entirely  lacking  in  Australia  with  the  exception  of  those 
introduced  by  man  and  such  (mice,  bats,  seals)  as  easily  pass  from  island 
to  island.  In  their  present  habitat,  in  adaptation  to  similar  conditions 
they  hare  undergone  a  development  analogous  to  that  of  the  placentals  in 
other  parts  of  the  earth,  so  that  they  present  groups  parallel  with  the 
carnivores,  rodents,  insectivores,  and  ungulates. 

Order  I.  Polyprotodonta  (Zoophaga). 

Many  marsupials^  among  them  the  oldest,  have  a  dentition 
adapted  to  animal  food.  They  have  numerous  incisors  (up  to  five 
in  each  half-jaw),  strong  canines,  and  sharp-pointed  molars  (fig. 
657).  Some  in  teeth,  as  well  as  in  body  form,  resemble  the  Insec- 
tivora,  others  the  carnivores. 

The  DasyuridsB  are  carnivorous:  Lasyurus;  Sarcophilus  ursinus^  the 
Tasmanian  *  devil,'  dangerous  to  larger  mammals;  ThylacinuSy  pouched 
wolf.  The  Perameuda  are  insectivorous ;  i^ameZej,  bandicoot.  The 
Dldelphtid^,  or  opossums^  which  are  confined  to  America  (chiefly  South) 
are  more  carnivorous  in  dentition  and  recall  the  apes  with  their  opposable 
thumb.     Didelphys  mrginiana,* 

Order  II.  Diprotodonta  (Phytophaga). 

The  herbivorous  habits  are  correlated  with  the  degeneration 
of  canines,  which  usually  are  lacking  in  the  lower  jaw  and  are  at 
least  very  small  in  the  upper.  There  are  also  only  two  incisors, 
of  large  size,  in  the  lower  jaw,  while  the  middle  two  of  the  upper 
are  much  larger  than  the  one  or  two  lateral  which  may  be  present. 

The  Phasoolomyid^  are  the  rodents  of  the  marsupials  with  one  chisel- 
like incisor  in  each  half  of  each  jaw.    PhascalamySy  wombat.    The  Macro- 


63i  CHORD  AT  A, 

PODiD^,  or  kangaroos,  resemble  the  ungulates  in  their  large  herds  on  the 
grassy  places.  The  fore  legs  being  very  small,  the  animals  leap  with  the 
strong  hind  legs  and  tail.  Macropus  giganteus.  The  Phalangistid£ 
have  very  variable  teeth.  They  resemble  in  habits  the  squirrels,  Petaurus 
having  the  same  parachute  folds  as  does  our  flying  squirrel.  The  Dipro- 
todonta  contain  many  fossil  forms  in  Australia  and  a  few  in  South 
America.  Some  of  the  Australian  fossils  were  very  large,  Diprotodon 
australis  larger  than  a  rhinoceros. 

Sub  Class  III.  Flaceyitalia  (Monodelphia). 

The  first  reason  for  associating  the  mammals  of  the  Old  World 
and  most  of  those  of  the  New  together  as  Placentalia  is  an  embry- 
ological  one,  the  presence  of  a  placenta.  When  serosa,  amnion, 
and  allantois  (p.  553)  have  developed  in  the  embryo,  the  vessels 
of  the  allantois  spread  out  beneath  the  serosa  and  form  witli  this 
the  chorion,  which  sends  small  processes  or  villi  into  the  now 

highly  vascular  mucous  mem- 
brane of  the  uterus  in  order  to 
obtain  nourishment  somewhat  as 
a  tree  obtains  food  by  its  roots. 
These  villi  may  be  distributed 
over  the  greater  part  of  the  sur- 
face (fig.  658),  producing  the 
chorion  frondosum,  or  diffuse 
placenta,  which  occurs  in  Getacea, 
perissodactyles  and  many  artio- 
dactyles  (swine).  On  the  other 
hand  the  villi  may  be  restricted 
to  certain  places,  becoming  very 

Fio.  668.— Diagram  of  mammalian  em-    .  .^     a         mi.*        •  •       ± 

brvo  with  chorion  fpondo8um;a^amni- strong  there.       IhlS  glveS   riSe  tO 
otic  cavity;  aL  aUantois;  am,  amnion;       i    i    -i  i*        'j   i 

a«,  umbilical  cord:  c/i,  chorion;  rhz,  cotyledonary,  oiscoiaal,  or  zouary 

chorionic  viUi ;  d(7,  yolk  stalk  ;  cte,  yolk  _"•   ^^^4._        m«    4."u^„^   ^^««-v«^^«^ 

sac;  r,  space  (extra-embryonic  coeiom),  placentae,     lo   these  Correspond 

betweenchorlonandamnfon;.^!,  serosa,  p^^j^^g     ^j     ^^^    ^^^^j^^    jj^j^^ 

wliich  are  distinguished  from  the  rest  by  becoming  extremely  vas- 
cular (uterine  placenta).  The  cotyledonary  placenta  (fig.  659) 
consists  of  many  small  placentar  patches,  the  cotyledons  (most 
ruminants).  In  the  zonary  placenta  the  villous  area  takes  the 
shape  of  a  girdle  or  barrel  (carnivores,  Sirenia),  while  the  discoidal 
(other  mammals)  is,  as  its  name  indicates,  disc-like. 

Besides  the  placental  structures  the  higher  mammals  are  char- 
acterized by  the  disappearance  of  the  cloaca,  the  unpaired  vagina, 
and  absence  of  marsupial  bones  and  inflected  angle  of  the  jaw.     The 
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doiititioii,  on  the  other  hand,  has  undergone  a  progressive,  diver- 
gent development,  bo  that  the  diBtinctions  are  much  more  pro- 
nounced than  in  the  marsnpiala,  and  hence  of  importance  in 
differentiating  the  orders. 

Order  I.  EdenUtA. 

A  few  families,  poor  in  species,  are  united  under  the  name 
Edentata  because  teeth  are  absent  or,  as  is  more  usually  the  case, 
are  markedly  degenerate.     Persistent  functional  incisors  are  lack- 


Fio,  «5fl.—Coly led o nary  pUceiita  and  embiyo  ot  •:oir.    (From  Balfour,  after  Colin.) 
r'.  cotyledons  of  aterlne.  C,  of  (tetal  placenta;  Ch,  chorion:  (7,  nt«ruB ;   V. 

ing,  canines  but  rare);  occur  {Bradypus);  molars  may  be  present, 
sometimes  in  great  numbers  (Priodon  gigas,  the  large  armadillo,  has 
about  a  hundred  molars),  but  they  are  poorly  rooted,  prismatic, 
ivithout  enamel,  and  usually  monophyodont.  Since  the  aardvark 
{Orycteropus)  and  Tatusia  have  a  heterodont  milk  dentition  in 
embryonic  life  in  which  incisors  occur,  and  foaail  edentates 
{Entelops)  with  complete  dentition  are  known,  the  absence  of  a 
replacement  of  the  teeth  is  to  he  explained  by  degeneration,  which 
may  affect  other  parts,  and  is  to  a  certain  estent  the  reason  for  the 
low  position  accorded  these  forms.  The  great  number  of  sacral 
vertobne  is  striking,  being  as  many  as  thirteen  in  some  armadillos. 
The  placenta  is  very  variable,  being  diffuse,  discoidal,  or  zonary  in 
different  species.     The  group  is  essentially  tropical,  but  one  species 
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entering  the  United  States.     The  oldest  fossils  occar  iu  the  Santa 
Crnz  beds  of  Patagonia  (eocene  or  oligocene). 

Sub  Order  I.  NOMARTHRA.  Old  World  edsntates.  FODIENTIA. 
Animals  with  strong  digging  clairs,  long  tail,  and  long,  vermiform,  stickj 
totigue  nsed  in  catching  ants  and  other  insects.  Orycteropua  eapenni, 
aardvark,  with  long  soont,  sparse  bristly  hair,  five  small  molars,  and 
rudimentary  milk  dentition.  SQUAHATA.  Toothless,  body  covered  with 
overlapping  scales.     ManU,  pangolins  of  Asia  and  Africa  (Bg.  660). 


Fia,  M).— Ifaiiii  Ityngieaudala,  pangolin.    (From  HoDteiro.) 

Sub  Order  II.  XENARTHBA.  Edentates  of  the  New  World.  VER- 
MILINQUIA,  ant  eaters.  Resemble  manids  in  toothless  jaws,  long  ant- 
catching  tongues,  and  strong  digging  claws,  hut  are  hairy  and  lack  scales. 
Myrmecophaga.  TARDIGRADA,  sloths.  Hairy,  head  short,  rudimenlarj 
tail,  and  few  teeth,  lung  strong  claws  by  which  they  hang  backdown- 
wards  from  limbs  ot  trees.  Bradypua  tridactylus,  nine  cervical  verte- 
brce  ;  Choleepus,  b\x  cervicals.  Fossils  allied  are  Megat/ierium,  as  larj^e 
as  an  elephant,  Mylodon,  Megalonyx,  these  two  extending  north  to  Penn- 
sylvania, LORICATA,  nrraadillos.  Body  with  armor  of  bony  plates, 
molars  numerous  ;  insectivorous.  In  the  eitinet  GLYPTonoNTin*  at  South 
America  the  plates  fused  to  a  continuous  armor.  One  species  twelve  feet 
long.  One  species  may  have  occurred  In  Europe.  DAS¥POnin£  ;  dermal 
armor  in  three  or  more  movable  transverse  plates ;  iioctnrnal.  Genera 
based  npon  the  number  of  bands:  Dasypiis,  Tenurua ;  Tattuia  nooem- 
cincta  •  enters  United  Slates. 

Older  II.  InsectiTOia. 
These  primitivo  forma  have  a  complete  dentition,  all  the  differ- 
ent kinds  of  teeth  being  present,  nlthongh  they  yary  in  nnmbcr. 
The  roots  are  developed  early  and  consequently  the  teeth  are  small. 
Since  they  end  with  sharp  cusps,  adapted  for  eating  insects,  they 
resemble  the  carnivores,  from  which  they  may  be  distingnished  by 
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the  radimentary  condition  or  occasional  absence  of  the  canines 
{Talpa  i\ily  mmy  shrews  |iH).  There  is  great  variability  in 
the  matter  of  replacement  of  teeth;  in  the  shrews,  for  instance, 
the  milk  dentition  is  suppressed  and 
the  second  only  is  functional,  while  in 
the  hedgehog  one  incisor  and  one  pre- 
molar in  each  jaw,  a  second  premolar 
and  the  canine  of  the  lower  jaw  func- 
tion in  both  dentitions.  In  many  re-  fio.  e6i.-skuu  of  Sorea:.  (From 
spects    the    insectivores    resemble    the 

rodents:  a  clavicle  is  present;  there  are  usually  five  toes  furnished 
with  claws;  there  is  a  uterus  bicornis,  often  divided  its  whole 
length,  and  discoidal  placenta. 

Aside  from  the  proboscis-like  snout  the  insectivores  resemble  the 
rodents  in  appearance,  forming  parallel  groups  to  those  of  that  order. 
The  Erinacid^,  or  hedgehogs,  of  the  Old  World  are  spined  like  the  porcu- 
pines ;  the  SoRiciD^,  or  shrews  {8orex*  Marina*)^  are  mouse-like,  as  are 
the  allied  Talpid^,  or  moles  (Scalops,*  Condylura,*  star-nosed  mole), 
which  burrow  in  the  earth  and  have  the  eyes  more  or  less  rudimentary. 
Some  authors  place  here  QaleopUfiecus  of  the  East  Indies;  which  has  a 
similar  membrane  and  similar  sailing  powers  as  the  flying  squirrels.  It 
also  presents  resemblance  to  the  bats  and  to  the  lemurs.  The  earliest 
known  insectivores  date  from  the  epccne. 


Fio.  M2.— Skeleton  of  bat.    (After  Brehm.) 

Order  ni.  Chiioptera. 

The  bats  are  the  only  mammals  which  actually  fly^  and  this  at 

once  characterizes  them.     The  flying  membrane  (patagium)  is  a 

thin  fold  of  skin,  richly  supplied  with  nerves,  which  begins  at  the 
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tail,  includes  the  lower  extremitiGs  to  the  foot,  nnd  extends  thence 

tothefliigera,  leaving  the  thumb  free.  Fingers  2-5  iireciiormoiialy 
elongated  and  support  the  membrane.  Since  flight  requires 
strong  muBcles,  the  sternum  develops  a  small  keel,  recalling  that 
of  birds,  for  the  attachment  of  the  large  pectoral  muscle.  In  con- 
nexion with  the  flying  powers  the  clavicle  is  strong.  The  patagiiim 
is  the  seat  of  a  very  aente  tactile  sense,  by  means  of  which  blinded 
bats  can  fly  among  all  kinds  of  obstacles  without  disturbing  them. 
The  enormous  ear  concha  and  a  noticeable  nose  leaf,  widely  dis- 
tributed through  the  group,  also  have  marked  tactile  powers.  In 
the  pectoral  position  of  the  mammary  glands  and  in  the  discoidal 
placenta  these  animals  resemble  the  primates.  In  temperate 
regions  bats  hibernate  during  the  winter.  The  dentition  is  vari- 
able, often  I4H-     Fossils  occur  in  the  eocene. 

Sub  Order  I.  MICROCHIROPTERA,  with  insectivorous  dentition. 
only  the  thumb  of  tlie  fore  limbs  ulaweil.  VKSPKRTlLlONiDi  tail  long,  no 
nose  leaf  ;  Vespertigo*  Atalapfia*  pHTLLosromn^,  with  nose  leaf,  irop- 
ical  America  ;  Deantodiis.  the  blood -sticking  or  vampyre  bat. 

Sub  Order  IT.  MACHROCHIROPTERA  (Frugivora).  with  smooth- 
crowned  molars,  clauK  on  thumb  iind  first  two  fingers,  tncluilis  the  fiyitig 
foxes,  Ptenrpus,  of  the  Eiist  Indies. 

Order  IV.  RodentU. 
Tho  rodents  unite  great  similarity  in  appearance  with  a  char- 
acteristic dentition.     The  canines  are  absent,  and  the  molars  are 
separated  by  a  large  gap  (diastema)  from  the  incisors  (fig.  063). 
t  The  latter  are  strong,  chisel-like, 

have  porsistent  pulps  and  grow  at 
the  lower  end  as  they  are  worn 
away  at  the  cutting  edge.  Since 
only  the  front  surface  has  enamel, 
*  wear  keeps  them  constantly  sharp. 

Usually  there  is  but  a  single  in- 
cisor, and  only  in  the  Duplici- 
dentata  is  a  second  present  in  the 
upper  jaw.  The  molars  are  cus- 
Pio.  sas. -Skull  of  porcupine.    {From  pidate  or  have  enamel   folds  and 

SchmMila)   /.  rrontnl:  ini,  premaitl-  \  , 

lary;h,  temporal  fossa  continuous  in  frequently       Continue       tO       grOW 

front  with  orbit;  o,  InfraotblWl  fora-  .,,,,.,  r..i     -  .        . 

men,  enonnoQBon  account  or  the  por-  throughout  life.       IheimtlmberiS 

lion  of   the   mHsaeter   muscle    wblcb  .  ,,  j         :i      ii_       f  i 

passes  through  it.  irequonttj  reduced,  the  formaue 

varying  between  f  JJj  and  \l%^-  Many  species  have  an  inflected 
angle  of  the  jaw  like  that  of  marsupials.  The  infraorbital  canal 
is  a  striking  feature  in  Muridae  and  Hystricidfe  (fig.   663,  o),  a 
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large  opening  in  front  of  the  orbit  in  which  a  part  of  the  masseter 
muscle  is  attached. 

The  rodents  are  distinguished  from  the  ungulates,  which,  like 
them,  are  herbivorous,  by  the  usually  smaller  size,  the  possession 
of  claws,  five  toes  (sometimes  reduced  to  three),  the  occurrence 
usually  of  a  clavicle,  and  a  discoid  placenta.  The  mammae  are 
inguinal  in  position  and,  corresponding  to  the  great  fertility,  are 
very  numerous.  The  occurrence  of  glands  with  a  strong-smelling 
secretion,  which  open  near  the  anus,  is  common.  About  nine 
hundred  living  species  are  known,  occurring  in  all  regions  except 
the  Australian.     The  order  appears  in  the  eocene. 

Sub  Order  I.  DUPLICIDENTATA  (Lagomorpha),  two  upper  incisors, 
includes  the  hares,  Lepiis*  and  the  picas,  Lagomys* 

Sub  Order  II.  SCIUROMORPHA.  The  squirrels,  SciURiDiE,  are  distin- 
guished by  the  soft  fur  and  bushy  tail.  Sciwtut,*  squirrels ;  Cynoinys^^ 
prairie  dogs  ;  8ciuropterus*  flying  squirrels.  The  CASTORiDiE  have  soft  fur 
and  scaly  tail.     Ca^ttorflbet'*  beaver  of  Europe  and  America. 

Sub  Order  III.  MYOMORPHA,  rats  and  mice.  Mtis  musculmt,* 
common  mouse;  Mas  I'ottus*  house  rat,  once  abundant  but  now  replaced 
by  the  gray  rat,  M,  decumanus*  an  immigrant  from  Asia.  White  rats  are 
albinos  of  if.  rattus.    Fiber  zibethicus*  musk  rat;  Ai^vicola,*  field  mico. 

Sub  Order  III.  HYSTRICOMORPHA.  The  porcupines  (Hystricid.e) 
have  spines;  the  Old  World  forms,  Hystrix,  are  terrestrial,  ours  {Erethyzon) 
arboreal.  The  CAViiDiE  of  South  America  have  hoof-like  claws.  Cavia 
cobaya,  guinea  pig.     Hydrochosi'us^  capybara,  the  largest  existing  rodent. 

Order  V.  Ungulata. 

Under  the  heading  of  Ungulata,  or  hoofed  animals,  are  here 
included  two  groups  of  living  animals  in  which  Che  body  weight 
is  supported  on  hoofs  on  the  tips  of  the  toes,  and  which  are  sharply 
marked  off  from  other  forms.  If,  however,  the  fossils  are  in- 
cluded, the  limits  of  the  group  must  be  extended  so  that  it  includes 
the  elephants  and  conies  of  the  existing  fauna  as  well  as  several 
extinct  forms,  for  these  so  interlock  and  intergrade  that  sharp 
lines  cannot  be  drawn. 

The  ungulates,  which  arise  from  common  ancestors,  the  Con- 
dylarthra,  the  representatives  of  which  occur  in  the  eocene  of 
America  (Phefidcodon),  are  preeminently  herbivorous;  the  canines 
are  rarely  well  developed,  the  molars  numerous  and  adapted  to 
grinding  the  food,  more  or  less  flattened  and  frequently  with 
folded  enamel.  The  mammsa  are  inguinal,  the  uterus  bicomuate, 
and  the  placenta  either  diffuse  or  (most  ruminants)  cotyledonary 
(fig.  659).     The  legs  are  exclusively  locomotor  structures  and,  to 
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permit  freer  motion,  the  clavicles  are  absent ;  the  feet  touch  but 
the  tips  of  the  toes,  enclosed  in  boofs,  to  the  gronnd  (ungnligradc). 
Since  the  meta<;arpals  and  metutarsals  are  greatly  elongate,  the 
wrist  and  ankle  are  raised  high  from  the  ground  so  that  ther  are 
frequently  confounded  with  elbow  and  knee.  With  this  exclu- 
sively supporting  character  of  the  limbs  there  is  the  same  tendency 
to  reduction  and  fusion  of  bones  which  was  noticed  in  birds  (p. 
606).  There  is  a  constant  increase  in  the  development  of  radius 
and  tibia  to  the  chief  supports  of  the  body,  the  fibula  becoming 
rudinaentary,  the  ulna  being  developed  sometimes  througliout  its 
whole  extent,  sometimes  only  in  its  upper  part,  which  serves  for  the 
attachment  of  muscles  (olecranon),  and  is  more  or  less  fused  with 
the  radius.  The  same  tendency  to  simplification  prevails  in  the 
feet,  but  is  expressed  differently  in  the  odd-toed  (perissodactylo) 
and  even-toed  (artiodactyle)    forms.     In  the  Perissodactyla  the 


[alnu-el:  I,  lanUum  (IntsrmedluDiy;  ni. 

'-"--^  "   p.  piilforme;  RradinB;  „  — , 

[in,  irB)iiu.iuiu.  ly,  uiua,;  u.  h&matDin;  1 1- V,  digits. 

axis  of  pressure  passes  through  the  middle  toe  (8g.  664,  A-C, 
III),  while  the  other  toes  disappear  symmetrically  aroond  this. 
Since  the  first  toe  is  early  lost,  toe  V  is  next  to  disappear  {B),  and 
then  toes  II  and  IV  {O,  so  that  at  last  there  remain  only  the 
skeleton  and  hoof  of  the  middle  toe  (horse),  the  rudiments  of  toes 
II  and  IV  persisting  as  the  small  splint  bones. 

In  the  Artiodactyla  the  axis  of  pressure  falls  between  toes  III 
and  IV  (fig.  664,  D).  which  both  unite  in  supporting  the  body 
and  are  equally  developed  and  frequently  fuse,  at  least  so  far  as 
the  metacarpals  are  concerned  {E,  F).     The  figures  D-F  show 
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ow  the  other  digits  disappear,   digit  I  being  lost  still  earlier. 

ince  the  weight  of  the  body  rests  more  upon  the  hind  legs  than 
ipon  the  front  ones,  the  former  are  the  first  to  become  modified. 

ince  we  are  able,  by  using  abundant  paleontological  material,  to 

oUow  in  detail  the  lines  of  descent  of  both  artiodac;:yles  and  peris- 
sodactyles,  the  conclusion  is  certain  that  these  form  diverging 
series,  distinct  from  the  beginning.  In  each  series  most  of  the 
common  characters  enumerated  above  have  been  independently 
acquired  so  that  the  uniformity  in  appearance  of  the  various 
groups  of  ungulates  is  in  great  part  the  result  of  convergence. 
The  discussion  of  the  fossils  will  be  given  under  a  separate  head. 

Sub  Order  I.  PERISSODACTYLA  (Solidungula).  The  dentition  is 
peculiar  in  baving  molars  iind  premolars  (with  more  or  less  pronounced 
enamel  folds)  of  equal  size;  a  second  character  is  the  predominant  devel- 
opment of  the  middle  toe,  the  others  in  the  three  existing  families  reduced 
to  different  degrees.  Tapiridje,  fore  feet  four-toed,  hind  feet  three-toed; 
teeth  ijlf ;  nose  elongate  into  a  proboscis.  TapirtiSy  tapirs,  tropical  Amer- 
ica and  India.  RmNocsRormjE,  three  toes  on  all  feet,  teeth  \%\\\  one  or 
two  horns  on  the  nasal  bones,  these  without  skeleton;  skin  thick,  hairless, 
hence  these  were  formerly  united  with  elephants  as  Pachydermata. 
Rhinoceros^  a  single  horn,  India;  Ceratorhinus  (Asia),  Atdodvs  (Africa), 
have  two  horns.  Equidjb,  a  single  functional  toe,  toes  II  and  IV  forming 
splint  bones  (fig.  664,  c);  teeth  \\\\  ;  Egutis  caballus*  horse,  a  native  of 
Asia;  E.  cuinus,  ass;  E.  zebra.  Hybrids  between  jackass  and  mare  are 
called  mules;  between  stallion  and  she-ass,  hinnies. 

Sub  Order  II.  ARTIODACTYLA.  Besides  the  features  of  the  feet, 
these  forms  have  the  premolars,  three  or  four  in  number,  smaller  than  the 
molars.  The  species  are  much  more  numerous  than  the  perissodactyles 
and  may  be  divided  into  three  sections.  Section  I,  NON-RUMINANTIA 
(Bunodontia);  omnivorous  and  have  correspondingly  a  bunodont  dentition, 

a  ^  8143 

1-3148*  ^^^   canines    frequently   developed  into    tusks;  the  stomach  is 

usually  simple,  but  is  occasionally  divided  into  three  chambers  {DicotyleSy 
Hippopotamu8\  although  rumination  does  not  occur.  The  leg  skeleton  is 
little  modified  (fig.  664,  2>),  ulna  and  fibula  not  being  reduced,  and  meta- 
carpals and  metatarsals  separate.  HiPPOPOTAinDiE ;  all  four  toes  reach  the 
ground;  skin  thick  (*  pachyderm*),  body  heavy;  living  species  all  African. 
Hippopotamus,  Sdmjs;  two  functional  toes,  skin  with  bristles,  snout 
proboscis-like.  Bus  scrofa^  swine;  Dioof^Ze^,*  peccaries  of  warmer 
America. 

Section  II.  RUMINANTIA  (Pecora);  teeth  and  stomach  are  adapted  to 
the  exclusively  herbivorous  diet.  The  stomach  (fig.  665)  is  divided  into 
two  portions,  each  again  subdivided.  The  first  of  these,  the  rumen,  or 
paunch  (ru\  receives  the  food  as  it  is  eaten;  then  at  a  time  of  quiet  it  is 
regurgitated  into  the  mouth  and  ground  by  the  molars  ('  chewing  the  cud  *). 
It  then  passes  back,  this  time  into  the  second  division,  the  honeycomb,  or 
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reliculom  (re),  thence  to  the  manjplies  or  omasum  (o),  and  lastly  to  the 
abomasum,  or  true  Btomnch  (a).  Usually  not  only  the  canines  but  the  in- 
cisora  of  the  upper  jiiw  are  degenerate,  while  the  iuciaors  of  the  lower  jftw 
are  atroog  and  the  caninea  have  taken  the  form  and  position  of  incisors. 
The  molars  are  selenodout  (have  crescent-shaped  cusps).  With  few  excep- 
tions they  are  of  large  size  and  many  bear  horns  on  the  frontal  bones.  These 
are  larger  in  the  ma!e3  and  may  occur  eiclusively  in  that  sei.  Id  the  sim- 
plest case  (giraffes)  these  are  cones  of  horn  tree  from  the  trontals  and  eoT- 
ered  mth  cjiin.   In  others  (Cavic'>rnia)the  horn  cores  fuse  seoondarily  witb 


FiQ.  665.— StomKch  nf  iheep.    (Alter  Cnr us  Hiid  Olto.in.  nbomftSDm  (traa  atonuoh) ; 

o,  omtiBam  (manyplleBj ;  ic,  reticalam  ihoneycombi :  <  u,  ramen  (p>iinch). 

the  frontals  and  are  covered  with  a.  Arm  sheath  of  horn.  lastly,  the  horns 
are  outgrowths  of  the  frontal  bone,  in  which  usually  the  outer  coals  are 
lost  and  only  the  bone  projects  freely  (antlers).  These  are  shed  yearly, 
the  new  antler  which  takes  its  place  being  larger  and  consisting  of  a  larger 
number  of  branches  or  tines,  thus  constituting  an  index  of  age  (Cervicomia). 
Camelofardalid^  (Devexa),  giraffes,  long-legged  forms  (two  genera)  from 
Africa  with  persistent  horns;  teeth  |f)|,  Qiraffa.  CERTn>.E,  deer,  with 
deciduous  horns  in  the  male.  Cermis,*  common  deei;  Alces,*  moose; 
Rangifer,*  reindeer;  Mo9CHID,k,  horns  hicking,  males  with  enlarged  upper 
canines  and  with  a  musk  gland  (the  sonrce  of  the  familiiir  perfume)  on  tb« 
ventral  surface;  Moschiis,  central  Asia.  The  TRAGrLiD£,  primitive  Asiatic 
and  African  forms,  includes  the  chevrotain,  Tragnhis  javanieus,  the  Bmsll- 
est  living  ungulate.  The  CAVICOENIA  include  a  large  number  of  forms, 
some  of  great  economic  importance;  teeth  |{||-  BoviDf:  Aw  taumt, 
domestic  cattle  probably  descended  from  three  distinct  slocks  (.B.  j)n>n^ 
genius,  the  aurochs,  B.  longifrons  and  B.  fronttmu);  Btion,*  inclndiug 
B.  europeus,  the  bison  proper,  and  B.  amerieantU*  our  '  buffalo,'  so  near 
extinction;  Bubalus,  the  true  buffalo  of  (he  Old  World.  Ovwje:  OvisariD, 
sheep;  O.  monlana*  big  horn;  Capra  hircua,  goat;  Oeihos  moschatm* 
musk  ox.  Antiix>pid.g:  including  a  host  of  Old  World  forme  {AntUopt, 
Qatella,  Rupieapra  tragun,  the  chamois,  etc.)  and  Antilocapra  atnericafui,' 
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the  prong  horn,  which  sheds  its  horns,  and  Hoploceras  montantis^*  the 
Bocky  mountain  sheep. 

Section  III.  TYLOPODA,  stomach  without  manyplies,  no  frontal 
bonis,  diffuse  placenta.  Camelus^  the  camels  of  the  Old  World;  C.  drome- 
darius^  one  hump;  C  bactriamiSy  two  humps.  Aiuihenia  tama^  A.  alpaca 
of  South  America. 

Paleontology  of  the  Ungnlata. 

Extensive  paleontological  material,  especially  from  the  tertiary  rocks 
of  our  western  states,  has  cleared  up  many  lines  of  ungulate  descent 
and  has  rendered  it  probable  that  the  CONDYLARTHRA  of  the  eocene, 
with  five- toed  plantigrade  feet,  well-developed  ulna  and  fibula,  and  an 
omnivorous  dentition,  formed  the  stock  from  which  descended  the  artio- 
dactyles  and  perissodactyles,  and  i)ossibly  carnivores  and  primates  as  well, 
the  ungulate  line  extending  through  the  Amblypoda.  From  one  group  of 
tlicse  (the  PHENACODONTiDiE)  the  lines  of  rhinoceros  and  tapir  have  come, 
and  in  an  almost  complete  series  we  know  the  ancestry  of  the  hoi*se. 
HyracotTierium  (Eohippus)  and  Orohippus  of  the  eocene  had  the  fore  feet 
four-toed  (fig.  666,  J) ;   Palaotherium  and  Mesohippus  (f)  of  the  lower 
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Fio.  flW.— Evolution  of  fore  foot  of  horse.  (From  Wleder»helm.)  1,  OrohippuM 
(eocene):  f,  Meaohippus  (lower  miocene);  5,  Miohippua  (mlocene);  U^  Pi-vtohtpput 
(upper  pliocene);  5,  Ptinhippua  (pleistocene);  &,  JEgutM. 

miocene  and  Miohippus  of  tlie  later  miocene  were  three-toed,  while  Mery- 
hippus  and  Hippai'ion  {Pliohippus,  4)  of  the  pliocene  were  near  the  horse 
in  tooth  structure.  The  single-toed  horses  appeared  in  the  pleistocene 
with  Pliohippus  (5)  and  then  Equtis  itself  (^).  It  is  a  peculiar  fact  that 
the  horse  entirely  died  out  in  America,  although  the  chief  part  of  its  his- 
tory was  enacted  here. 

The  AMBLYPODA,  mentioned  above,  were  semi-plantigrade  penta- 
dactyle  forms,  appearing  in  the  lowest  eocene,  and  reaching,  in  Uinta- 
therium  (Dinocerus)  an  elephantine  size.  The  TOXODONTIA  of  the 
South  American  tertiaries  combined  perissodactyle,  rodent,  hyracoid,  and 
proboscidian  features,  while  the  TILLODONTIA  of  the  eocene  recall  both 
carnivores  and  rodents. 

Order  VI.  Proboscidia. 

The  elephants  and  their  allies,  with  their  hoofs  and  herbivorous 
dentition,  are  closely  related  to  the  ungulates.  They  are  charac- 
terized by  their  thick  skin  ('pachyderm'),  the  large,  massive, 
five-toed   legs,   and  especially  by  the   nose    drawn    out   into   a 
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loDg  proboscis  with -a  fiager-like  process   at  the  tip,  lastly   b; 
the  dentition.     CaDines  are  entirely  lacking,  but  the  incisors  of 
the  upper  jaw  have    pulps    and    therefore    continne  to  grow 
throughout  life,  forming  the  well-known  tasks.     Id   the  living 
elephants  there  are  but  a  single  pair  of  tusks,  but  in  some  extinct 
Mastodons  there  were  a  second  smaller  pair  in  the  lower  jaw,  while 
in  Dinotherium  only  the  lower  in- 
cisors were  developed,  these  pro- 
jecting downwards.     The  molars 
(in   Mastodon  and    Ditiolheriuni 
with     normal     replacement    and 
cusps)  consist  of  numerous  plates 
of    enamel    and   dentine   united 
Fro.«i7.-in«id,  of  left  lower  j.w  of  ^J  cement,  and  undergo  a  Uteral 
S^bi"^*^/,  (McUon^i'mX?^;  displacement.     Of  the  three  Urge 
ita  anooe»aor.  molsTS  and   premolars   ouly   one 

at  a  time  is  functional  (fig.  C67,  /);  when  worn  out  the  next  one 
behind  (2)  takes  ita  place.  Further  features  are  a  uterus  bicomis, 
a  zonary  placenta,  and  two  pectoral  mammGe. 

Elephantid£  :  Elephat  iTtdimu,  amall  enrs ;  E.  africanus,  ]»rge 
ears.  E.  primigeniua,  mammoth,  in  the  pleistocene ;  specimens  found 
frozen  in  ice  in  Siberia  liave  close  woolly  hair,  in  some  places  three  feet 
long.  Mastodoti,  with  toberculate  teetb,  range  from  mioceue  throngh  the 
pliocene.  Dinothkbid£,  only  lower  incisors ;  Dinotherium,  Old  World 
miocene. 

Older  vn.  Hrracoidu. 
The  single  genus  Hyrnx,  including  species  from  western  Asia 
and  Africa,  with  four-toed  front  feet,  hind  feet  with  three  toes, 
the  digits  with  nails,  the  placenta  zonary,  and  the  dentition  tJJI- 
forms  this  group,  no  fossils  being  known.  Hyrax  syriacus  is  sup- 
posed to  be  the  '  coney '  of  the  Bible. 

Order  vm.  Siieuli. 
This  order  consists  of  a  few  aquatic  mammals  which  are  whale- 
like in  form,  with  the  fore  limbs  fin-like,  the  hind  legs  lacking,  and 
a  horizontal  caudal  fin.  They  live  in  shallow  seas  or  in  the 
mouths  of  rivers,  where  they  feed  on  the  taug,  which  they  chew 
with  jaws  covered  with  horny  plates.  The  teeth  (in  the  fossil 
Prorostomua  j|J4)  are  reduced  or  entirely  lacking.  The  fore  legs 
are  pentadactyle  and  often  have  rudimentary  nails  and  always  a 
fiexible  elbow.  The  two  pectoral  mammse  have  possibly  caused 
these  animals  to  furnish  the  germ  of  truth  in  the  mermaid  myth. 
Manatus  americanus,*  the  manatee,  six  cervical  vertebne,  eight  to 
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ten  molars;  Halicore  dugong,  Indo-Pacific;  Rhytina  steVeri  of  the 
northern  Pacific,  exterminated  ia  1768. 
Order  IZ.  CaUcM. 
Id  external  form  the  whales  resemble  the  sireniana,  a  reanlt  of 
hm  aquatic  life,  bat  the  rpi^mblance  ends  here.     The  whales  are 


Flo.  ees  —Restoration  ot  skeleton  of  Hulitftcrlum,  an  extinct  slrenlan.    (After  Miss 
Woodward.) 

80  fish-like  that  they  are  commonly  included   by  the  iaity  in  that 

gronp,  and  every  one  speaks  of  the  whale  fishery.    Head  and  trunk 

are  scarcely  distinguished,  the  cervical  vertebrae  being  very  short 

and  more  or  less  completely  fused.     The  hinder  limbs  are  absent, 

and  of  the  pelvic  girdle  only  a  small  ilium  remains,  and  no  sacral 

vertebne  are  developed.     The  candal  fin  ia  two-lobed  and  differs 

from  that  of  a  fish  in  being  horizontally  flattened;  the  skin  is  thick 

and  ia  sparsely  liaired  or  completely  naked,  in  some  hair  being 

lacking  even  in  the  embryo.     Most  of  the  species  inhabit  the  high 

seas,  Inia  boliviensU  and  Platanista  gangelica  occnr  in  rivers. 

The  fore  limbs  are  modified  into  flippers,  the  bones  of  which  are  of 
nearly  equal  size  and  nre  jointed  only  at  the  shoulder.  A  dorsal  fin  ('fin 
backs')  occurs  in  some.  The  lack  of  h«ir  ia  compensated  by  the  thick 
Inyer  of  subcutaneous  fat  (blubber)  which,  like  the  fat  penetrating  the 
spongy  bones,  tends  to  lessen  the  specifle  gravity.  Tn  order  that  the  ani- 
mals ni.iy  breathe  while  feeding,  the  larynx  is  prolonged  into  a  tube 
which  BXtenda  up  through  the  pharynx  to  the  ohoante,  from  which  the 
nostrils  extend  directly  upwards  to  the  single  (Dentioetes)  or  paired  (Mys- 
tioeies)  external  opening.  Since  the  air  driven  out  with  great  force  con- 
tains much  moisture  and  this  is  condensed  on  coutact  with  the  cooler 
external  air,  the  impression  was  natural  that  the  animals  in  'blowing' 
spouted  water.  Since  the  olfactory  membrane  is  degenerate  and  the 
olfactory  lobes  are  reduced,  the  nose  is  an  organ  of  respiration  only. 

The  eyes  are  small,  oxternal  cars  arc  Ucking,  the  mammte  are  close  to 
the  sexual  opening.  Thj  teeth  are  either  present  in  large  numbers,  similar 
and  conical,  and,  since  the  second  dentition  is  rudimentary,  are  mono- 
phyodont  (Dentieetse)  or  they  are  outlined  early  and  then  resorbed  and 
replaced  by  plates  ot  baleen  (Mystioette).  This  is  composed  of  large  horuy 
plates  (whalebone)  in  large  aairanls  a  dozen  teet  long  (fig.  666,  w),  of 
which  several  hundred  are  arranged  in  close  aucceasion  extending  inward 
to  the  tongue.     They  correspond  lo  tlie  irnnsverse  palatal  folds  which 
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occur  in  other  mammats.  As  they  are  fringed  on  the  inner  edges  tbey 
form  »  strainer  which  retains  the  small  marine  animals  (plankton,  CeU>- 
cltH'is  sepUnlrionalis,  a  oopepod,  and  Clione  borealis,  a  pleropod)  on  which 
these  whales  feed.  The  oeHophagus  is  too  narrow  for  the  passage  of 
much  larger  animals. 

The  origin  of  the  whales  is  one  of  the  unsolved  problems.     That  they 
came  from  some  terrestrial,  quadrapedai  forms  is  beyond  question,  and  the 


Fia.  MB.— Section  throuuli 


little  evidence  would  seem  to  point  to  an  ungulate  or  a  carnivore  ancestry. 
It  is  possible  that  the  toothed  and  whalebone  whales  may  have  had  differ- 
ent ancestries,  and  their  resemblances  may  be  the  result  of  convergence. 

Sub  Order  I.  ZEUGLODONTA.  Eitinct  <eocene)  forma  with  hetero 
dont  dentition,  the  posterior  teeth  two-rooled. 

Sub  Order  II.  DENTICET.S,  toothed  whales,  carnivorous,  some  hav- 
ing bat  two  teeth.  Delphinua,  dolphins  ;  Ghbiocephalua*  black  fish  ; 
Mottodon,  narwal,  with,  in  the  male,  a  long  maxillary  tusk  (possible  origin 
of  the  'unicorn'),  Pliyaeter  macrocephalua,  sperm  whale,  pursued  for 
the  epermaceti,  an  oily  mass  sitnated  in  the  '  chair'  between  the  cranium 
and  the  snout,  as  well  as  for  ambergris,  formed  in  rhc  intestines. 

Sub  Order  III.  MY8TACETI,  whalebone  whales,  with  baleen,  Bala~ 
tioplera,*  rorquals  and  fiu  backs.  B.  sihbaldi,*  tlie  largest  whale,  reach- 
i  ig  a  length  of  eighty-flve  feet,     BaUtna,  right  whale. 

Order  X.  Camlvora. 
The  carnivores  live  chiefly  on  the  flesh  and  blood  of  other  Ter- 
tobratee,  which  they  catch  by  craft,  by  coursing,  or  by  ponnciDg 
npoQ  them,  overpowering  their  prey  by  tbeir  Bbarp  claws  aod 
cutting  teeth.  With  this  mode  of  life  correspond  the  high  devel- 
opment of  the  brain  (flg.  649,   B)  and  eenee  organs,  as  well  tu 
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Btructure  of  teeth  and  claws.  Since  this  predaceous  character  in- 
creases within  the  order  from  the  bears  to  the  cats,  and  again  tends 
to  disappear  in  the  aquatic  species,  there  are  few  constant  charac- 
ters, but  a  great  variation  in  structure.  In  interest  of  greater 
mobility  the  clavicle  is  reduced  or  lost,  ulna  and  radius  well  de- 
veloped. In  the  structure  of  the  feet  there  is  a  gradual  transition 
from  the  plantigrade  bears,  in  which  the  whole  sole  of  hand  and 
foot  rest  upon  the  ground,  to  the  digitigrade  cats,  which  tread  on 
the  tips  of  the  toes.  In  the  latter  the  claws,  which  occur  in  all 
carnivores,  are  kept  from  injury,  when  not  in  use,  by  being  re- 
tracted by  an  elastic  ligament  into  pockets  on  the  penulfc  joint, 
from  which  they  are  extended  by  strong  muscles.  In  dentition 
(fig.  650)  the  striking  features  are  the  almost  constantly  three 
incisors,  and  the  great  size  of  the  canines;  the  molars,  on  the  other 
hand,  vary  with  the  different  families,  the  cusps  assuming  more  of 
the  shearing  character  (s^codont  teeth).  The  last  premolar  of  the 
upper  jaw  and  the  first  molar  of  the  lower  jaw  become  carnassial 
teeth  (sectorial  teeth),  and  acquire  a  dominating  position  in  the 
jaw,  while  the  others  become  smaller  and  tend  to  disappear  at 
either  end  of  the  series.  Further  characters  are  the  possession  of 
a  penis  bone  in  the  males,  the  abdominal  position  of  the  milk 
glands  and  the  uterus  bicornis  in  the  females;  the  placenta  is 
zonary.  Anal  glands,  furnishing  a  strong,  even  offensive  smelling 
secretion,  are  of  wide  occurrence. 

Sub  Order  I.  FISSIPEDIA.  These  are  the  typical  members  of  the 
order  and  are  preeminently  terrestrial  animals  with  well-developed  toes 
usually  cleft  to  the  base.  The  number  of  digits  is  frequently  five  on  all 
feet,  but  is  often  reduced  to  four  on  the  hind  feet  (Felidsd.  CanidsB),  rarely 
on  the  fore  feet  (Hysenidad);  but  in  these  cases,  as  in  the  domestic  dog,  the 
reduced  first  toe  may  bear  a  claw.  Uasm^,  plantigrade;  Ursus*  bears; 
Procyon  lotor,*  raccoon.  MusTELiDiE;  many  species  olMustela  *  and  Puto- 
Hus,*  which  include  minks,  martens,  sable,  ermines,  and  weasels,  are 
valuable  for  their  fur;  Zw^ra,*  otter ;  Enhydris*  sea  otter;  MepJiitis* 
skunk;  TaxideUy*  badger ;  Qulo*  glutton  ;  anal  glands  common  in  this 
family.  Fossils  {ArctoUieriuniy  etc.)  connect  the  bears  and  the  CANiDiE 
with  five  toes  in  front,  four  behind,  claws  not  retractile ;  which  includes 
in  the  genus  Cants*  dogs,  foxes,  and  wolves.  The  Feud^  have  toes  as  in 
the  dogs,  but  with  retractile  claws.  Felis  domestical  our  domestic  cat. 
E.  leo,  lion;  F,  tigris,  tiger;  F.  co^icoloTy*  puma  or  cougar.  HviENiDiE, 
all  feet  four-toed;  Hy(Bna  of  Africa. 

Sub  Order  IT.  PINNIPEDIA.  These  are  aquatic  carnivores  with  the 
limbs  flattened  to  broad  flippers,  the  five  toes  long  and  webbed,  the  nails 
frequently  rudimentary  ;  the  dentition  differs  from  that  of  the  terrestrial 
forms  in  the  similarity  of  molars  and  premolars  (absence  of  carnassial)  ; 
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the  milk  dentition  degenerates  early,  withont  being  fanctloDal.  PeoctDf. 
seals,  without  external  ears ;  PTioca  vituiina,*  harbor  sea].  Otabodm. 
with  external  ears  ;  Otaria,*  sea  liong  ;  Callorhinus  urtinus,  for  seal  of 
Alaska.  Tbichkchu^  ;  incisors  reduced,  upper  canines  developed  inio 
large  tusks ;  Trichechtts,  walrus. 

The  first  carnivores  appear  in  the  eocene  in  the  order  CBEODONTA. 
plantigrade  forms  with  slightly  differentiated  dentition  (no  carnassif    , 


>  lo.  aro.— PJuica  tiitultiui,  Lurbur  Hal.    (ivrter  Elliott.) 

they  present  marked  reBemhlancea  to  marsupials,  insectivores,  as  we!!  as  to 
the  Condylarthra,  the  ancestral  ungulates.  True  carnivores  appear  io 
the  upper  eocene  and  become  abundant  in  the  miocene. 

Older  XI.  PiMlmls. 
LinnC'  tmited  with  tho  tme  apes  a  small  gronp  of  animak 
known  as  lemurs  (from  India  and  the  adjacent  islands,  and 
especiallj  from  Africa),  becanso  of  similaritj  in  body  form  and 
climbing  habits,  because  they  had  grasping  bands  and  feet  (oppos- 
able thumb  and  great  toe),  and  at  least  frequently  nails  on  some 
of  the  toes.  To-day  many  set  them  aside  as  a  separate  order  on 
account  of  their  lower  organization.  They  have  a  less-developed 
cerebrum,  uterus  bicoruis,  and  a  diffuse  placenta.  Further 
peculiarities  are  the  peculiar  and  variable  dentition  {Ch\romy> 
\%l\.  Lemur  |||  j)  and  the  presence  of  claws,  which  always  occur 
on  the  second  and  frequently  on  the  tliird  finger  of  the  hind  feet, 
and  in  Vhiromys  replace  the  nails  on  all  the  digits  of  all  the  feet 
except  the  great  toe.     Their  nocturnal  habits  have  resulted  in 
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large  eyes,  which  give  these  animals  a  moat  striking  appearance. 
A  distinction  from  the  primates  is  the  connexion  of  orbital  and 
temporal  cavities  beneath  the  osseous  postorbital  ring.  Usually 
there  are  a  pair  of  pectoral  mammfe,  to  which  are  added  in  many 


P[o.  STI.— Stenoiw  araeOi*.  slender  lorls.    (From  Brehm.) 
Species  a  pair  in  the  abdominal  or  inguinal  region,  the  latter  alone 
occurring  in  Chiromys. 

Chiromtid*,  digits  long,  all  except  the  great  toe  with  claws ;  Chiromffa 
madayascareiisis,  Hje-aye,  Tarsiid^,  second  and  third  hind  toes 
clawed.  Tarsitis  spectnim  o(  the  East  Indies  difTere  from  all  Prosimia) 
it)  hnving  the  orbits  closed  and  a  discoidal  placenta  like  that  of  man. 
Lemurid^,  second  hind  toe  alone  clawed.  Lemur;  Stenopa,  loris.  The 
old  tertiary  Pachtlcmurid^  and  Anaftohorphid£  are  close  to  Ihc  most 
pririiirive  mammals  and  to  the  creodonCs  and  inaectivores.  The  Galeo- 
PITHECID^  (p.  637)  are  often  referred  here. 

Order  ZII.  Pritnatn. 

The  most  highly  organized  mammals,  the  monkeys,  apes,  and 
man,  are  united  in  a  single  order  because  among  them  there  is  a 
great  agreement  in  features  of  classificatory  value.  If  we  here,  as 
elsewhere,  ignore  grades  of  intelligence  and  regard  alone  greater 
or  lesser  anatomical  resemblances,  we  are  forced  to  the  conclusion 
that  the  anthropoid  apes  are  much  closer  to  man  than  to  the  lower 
monkeys. 

Tho  primates  have  in  common  nails  on  all  the  fingers  and  toes 
(except  the  Hapalidw),  orbits  separated  from  the  temporal  fossse 
by  a  bony  wall,  and  a  cerebrum  which  covers  the  other  parts  of 
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the  brain  (6g.  640,  c).  They  have  a  eiogle  pair  of  pectoral 
mammse,  uterus  simplex,  and  a  diBcoidal  placenta.  The  dentition 
is  essentially  the  same  thronghoiit;  in  the  Platyrrhinn  \\^\t  in  the 
Hapalidffi  ||j{,  in  the  Catarrhinie  and  in  man  ff|j.  Yet  there  is 
a  tendency  to  variation,  since  in  the  chimpanzee  and  in  man  the 
third  molar  (wisdom  tooth)  is  in  process  of  degeneration,  while  in 
the  orang  a  fourth  molar  often  occurs.  In  all  the  molars  are 
buuodont. 

The  skeleton  of  the  hand  and  foot  has  played  an  important 
r61e  in  classification.  As  in  the  lemurs  and  opoasumB,  the  thumb 
and  great  toe  can  bo  opposed  to  the  other  digits,  so  that  an  ape  can 
grasp  objects  with  either  hand  or  foot.  In  man  this  opposability 
of  the  thnmb  is  increased,  but  that  of  the  great  toe,  in  consequence 
of  the  upright  position,  is  only  retained  to  a  slight  degree  by  chU* 
dren  and  primitive  people.  On  this  peculiarity  rest  the  names  often 
given  of  Bimana,  for  man,  and  Quadrnmana,  for  the  apes  and 
monkeys.  In  contradiction  of  this  it  must  be  emphasized  that  the 
apes  do  not  have  a  hand,  but  rather  a  grasping  foot,  on  the  hinder 
extremities.     In  the  grasping  foot  (fig.  673)  are  the  same  hones. 


rme:  ph'.  pbaUnges:  a,ecBphcild:  1.  tiiqaetrum)  (a,  Mlas;  td.  trspoiold ;  ir.  tn- 
penlam:  J-V',dlgltB!  i-3,  cunelfonnl*. 

similarly  arranged  and  of  about  the  same  shape  as  in  the  foot  of 
man,  while  the  musculature  is  essentially  the  same.     On  the  other 
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Land  the  same  distinctions  between  hand  and  foot  {A  and  B) 
occur  as  are  found  in  the  hand  and  foot  of  man.  The  separation 
of  Quadrumana  and  Bimana  is  without  anatomical  basis;  it  rests 
solely  upon  functional  peculiarities  and  egotism. 

Sub  Order  I.  PLATYRRHINiE,  New  World  monkeys.  Nostrils  separated 
by  a  wide  septum  so  that  tliey  are  visible  from  in  front;  teeth  fjjf,  the 
tympanum  not  extended  by  an  outer  bony  meatus.  CEBro^,  tail  fre- 
quently prehensile,  long.  Cebus^  sapajous ;  Ateles,  spider  monkeys.  The 
HAPALiDiB,  or  marmosets,  are  an  aberrant  group  with  teeth  {{{}  and  claws 
on  all  the  digits  except  the  relatively  small  great  toe,  thumbs  not  opposable. 
Hapale,  Midas. 

Sub  Order  II.  CATARRHIN^,  Old  World  apes ;  internasal  septum 
small,  the  nostrils  directed  in  front  and  downwards;  teeth  {|ff ;  since  the 
large  canines  are  interlocked  in  the  opposite  row  of  teeth,  there  is  a  more 
or  less  evident  diastema  in  each  jaw ;  the  tympanum  is  prolonged  as  in 
man  into  a  bony  meatus.  Section  I.  CYNOMORPH^,  with  naked  places 
on  the  buttocks  (ischial  callosities),  usually  a  long  tail  and  hairy  face, 
and  only  two  sacral  yertebrsB.  CynocephaluSy  baboons,  drills,  and  man- 
drils; Macacus^  macaques;  M,  ecaudatttSy  with  stumpy  tail,  entering  Europe 
at  Gibraltar.  Section  II.  ANTHROPOIDS  (Simiidse),  man-like  apes, 
usually  without  ischial  callosities,  face,  fingers  and  toes  without  hair,  no 
tail,  five  sacral  vertebrsB  (three  in  Hylobates)  fused  to  an  os  sacrum.  Hylo- 
bateSj  gibbons,  with  very  long  arms;  Sitnia  scUyrus  of  Sumatra  and 
Borneo,  the  orang-utan;  Gorilla  eugena;  Troglodytes  nig&i\  the  chim- 
panzee, of  Africa. 

Sub  Order  III.  ANTHROPIN^B,  man.  Degeneration  of  the  hair  on 
most  parts  of  the  body ;  upright  position  and  as  a  result  slight  mobility 
of  the  great  toe  (non-opposable) ;  development  of  articulate  speech  ;  high 
intelligence  ;  strong  development  of  the  cerebrum  and  consequent  increase 
of  the  cranium  at  the  expense  of  the  face,  are  the  most  prominent  char- 
4icters  of  mankind.  The  dentition  is  the  same  as  in  the  Catarrhinss,  only 
the  canines  are  smaller  apd  there  is  no  diastema.  It  was  long  a  question 
whether  there  was  a  single  species  of  man  {Homo  sapiens)  with  several 
races  or  whether  there  were  several  species.  Since  crosses  between  the 
different  races  are  fertile,  the  first  view  receives  general  acceptance, 
although  the  differences  which  are  actually  present  are  constant  and  point 
to  the  second  alternative.  The  answer  to  these  questions,  which  in  the 
light  of  evolution  have  lost  most  of  their  significance,  and  the  characteriza- 
tion of  the  various  races,  belong  to  a  special  branch  of  science,  anthro- 
pology. Here  will  only  be  mentioned  the  three  great  groups  (each  of 
which  has  several  subdivisions)  recognized  by  Flower.  I.  Woolly-haired 
men  or  Negroes,  with  blackish  skin  and  strongly  curled  hair  (elliptical  in 
section).  The  subdivisions  are  Papuans,  Australians,  Hottentots,  Kaffirs, 
and  Sudan  negroes.  II.  Straight-haired  men,  or  Mongolians,  with  yellow- 
ish-brown skin  and  straight  hair  (circular  in  section).  The  subdivisions 
Eskimos,  Malays,  Mongols,  and  Indians  belong  here.     III.  A  group  called 


652  CHORD  ATA. 

for  want  of  a  better  name  Caucasians,  with  straight  or  wavy  hair  and 
lighter  complexion.  Here  belong  the  Hamosemites,  the  Aryans  or  Indo- 
Germans,  Nubians,  and  Dravidians  (primitive  inhabitants  of  India). 

Since  an  arboreal  life  was  unfavorable  for  fossil ization,  the  paleontology- 
ical  material  for  the  history  of  the  primates  is  so  far  very  scanty.  Of 
these  the  greatest  weight  has  been  laid  on  a  *find'  in  the  upper  pliocene 
of  Java.  This  consisted  of  a  top  of  a  skull,  a  femur,  and  a  molar  tooth 
which  were  found  at  some  distance  from  each  other,  making  it  doubtful 
whether  they  belonged  together.  These  fragments  were  regarded  on  one 
side  as  a  connecting  link,  AnthropopUhecus  erectuSy  between  apes  and  man, 
on  another  as  belonging  to  a  true  ape,  and  from  the  third  as  true  man. 
The  latter  is  now  to  be  regarded  as  out  of  the  question.  Most  probable  is 
the  view  that  these  pieces  belonged  to  an  extinct  gibbon-like  animal  of 
extraordinary  size,  an  enormous  cranial  capacity  and  correspondingly  a 
very  large  brain.  In  these  respects  no  Anthropoid  now  living  could  com- 
pare with  AnthropopUhecus, 

Summary  of  Important  Facts. 

1.  The  CHORD  ATA  are  united  by  the  possession  of  an  axial 
skeleton,  the  notochord,  lying  between  the  nervous  system  and  the 
alimentary  tract;  a  central  nervous  system  entirely  on  one  side  of 
the  digestive  canal,  and  gill  slits  extending  from  the  pharynx  to 
the  exterior. 

2.  The  Chordata  are  subdivided  into  Leptocardii,  Tunicata, 
Enteropneusta,  and  Vertebrata. 

3.  The  LEPTOCARDII  are  fish-like  in  form,  have  a  notochord 
extending  the  length  of  the  body,  but  lack  skull  and  vertebral 
column ;  the  brain  is  rudimentary,  the  gill  slits  numerous. 

4.  The  TUNICATA  have  a  notochord  only  in  the  caudal 
region.  The  young  is  tadpole-like,  but  in  most  forms  there  is  a 
metamorphosis  in  which  tail  and  notochord  are  lost. 

6.  The  body  is  usually  enclosed  in  a  tunic  or  mantle  containing- 
cellulose,  gill  slits  and  an  endostyle  are  present  in  the  pharynx, 
the  heart  changes  in  the  direction  of  the  flow  of  blood.  The  nerv- 
ous system  in  its  development  is  tubular  and  connects  with  the 
digestive  tract  by  a  neurenteric  canal.  In  the  Salpidse  there  is  a 
typical  alternation  of  generations  between  a  solitary  asexual  and  a 
sexual  chain  form. 

6.  The  ENTEROPNEUSTA  are  worm-like,  with  collar  and 
proboscis;  a  diverticulum  of  the  digestive  tract  is  compared  to  the 
notochord;  gill  slits  occur  in  the  pharynx;  some  undergo  a  meta- 
morphosis in  development,  the  larva  resembling  those  of  Echino- 
derms.  The  pertinence  of  the  Enteropneusta  to  the  Chordata  is 
not  certain. 
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7.  The  VERTEBRATA  are  segmented  animals  without  ex- 
ternal  ringing  of  the  body,  but  with  metameric  arrangement  of 
internal  parts  (myotome,  neurotome,  sclerotome). 

8.  A  cuticular  skeleton  is  absent,  but  there  may  be  cornifications 
of  the  epithelium  or  ossifications  in  the  derma  (scales  of  fishes,  etc. ). 

9.  An  axial  skeleton  is  present,  consisting  of  a  notochord  or 
of  skull  and  vertebral  column,  which  more  or  less  completely  replace 
the  notochord. 

10.  There  are  two  kinds  of  appendages  supported  by  an  axial 
skeleton,  the  unpaired  fins,  occurring  only  in  fishes  and  Amphibia, 
and  the  paired  appendages  (anterior  and  posterior),  which  are 
usually  present. 

11.  The  central  nervous  system  (brain  and  spinal  cord)  are  dor- 
sal in  position.  The  brain  consists  of  five  parts — cerebrum,  ^twixt 
brain,  optic  lobes,  cerebellum,  and  medulla  oblongata. 

12.  Of  the  sensory  organs  the  eyes  and  ears  are  the  most  highly 
developed. 

13.  The  respiratory  organs  arise  from  the  entoderm  (pharynx); 
gill  slits  are  present  at  least  in  the  embryo,  extending  from  the 
pharynx  to  the  exterior.  In  all  terrestrial  groups  these  are  later 
replaced  by  lungs,  developed  from  the  hinder  end  of  the  pharynx. 

14.  The  heart,  consisting  of  auricle  and  ventricle,  lies  ventrally 
in  a  pericardium.  In  gill-breathing  species  it  contains  only  venous 
blood,  but  with  pulmonary  respiration  it  is  divided  into  venous 
and  arterial  halves.     The  circulation  is  closed. 

15.  The  sexes  are  usually  separate.  In  most  species  the  ex- 
cretory (nephridial)  system  forms  the  ducts  for  the  reproductive 
products  (urogenital  system). 

16.  The  reproduction  is  strictly  sexual. 

17.  In  the  Cyclostomata  there  is  a  primitive  skull;  but  ver- 
tebra?, paired  fins,  true  scales,  and  teeth  are  lacking.  The  gills 
are  saccular  and  the  nose  is  unpaired.  There  is  no  skeleton  to 
the  mouth  (no  jaws). 

18.  The  true  fishes  (Pisces),  like  all  other  forms,  have  true 
jaws  (Gnathostomata).  The  fishes  are  further  distinguished  from 
the  Cyclostomes  by  the  vertebral  column  (amphicoelo  vertebrae), 
by  paired  pectoral  and  ventral  fins,  scales,  and  paired  nostrils. 
They  breathe  by  gills,  and  have  a  venous  heart  with  auricle  and 
ventricle. 

19.  The  fishes  are  divided  into  Elasmobranchii,  Ganoidei, 
Teleostei,  and  Dipnoi. 

20.  The  Elasmobranchii  have  a  cartilaginous  skeleton,  usually  a 
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heterocercal  tail,  placoid  scales,  gills  covered,  heart  with  arterial 
cone,  spiral  valve  iu  the  intestine,  no  swim  bladder. 

21.  They  are  divided  into  Selachii  (subdivided  into  Squali, 
sharks,  and  Raise,  skates)  and  Holocephali. 

23.  The  Teleostei  have  bony  skeleton,  usually  a  homocercal 
tail,  usually  cycloid  or  ctenoid  scales,  comb-like  gills  and  operculum, 
bulbus  arteriosus,  usually  pyloric  appendages,  and  a  swim  blad- 
der; no  spiral  valve. 

23.  They  are  subdivided  into  Physostomi.  Pharyngognathi, 
Acanthopteri,  Anacanthini,  Lophobranchii,  and  Plectognathii. 

24.  The  Oanoidei  form  a  connecting  group ;  they  resemble  the 
elasmobranchs  in  the  presence  of  a  conus  arteriosus  and  spiral 
valve,  and  usually  in  the  heterocercal  tail;  they  are  like  the  teleosts 
in  operculum  and  comb-formed  gills,  swim  bladder,  and  pyloric 
appendages.     They  usually  have  fulcra  and  ganoid  scales. 

25.  The  ganoids  are  subdivided  into  Chondrostei,  with  carti- 
laginous skeletons,  and  Crossopterygii  and  Holostei,  with  bony 
skeletons. 

26.  The  Dipnoi  have  branchial  respiration,  occasionally  the 
swim  bladder  serves  as  lungs;  heart  with  beginning  division;  nose 
with  choana. 

27.  The  Amphibia,  in  contrast  to  the  fishes,  have  pentadactyle 
appendages;  in  contrast  to  the  reptiles,  double  occipital  condyles. 
They  have  bushy  external  gills,  and  lungs  either  persisting  together 
or  succeeding  each  other,  the  young  (larvae)  breathing  by  gills, 
the  adult  by  lungs  (metamorphosis!).  The  heart  consists  of  two 
auricles  and  one  ventricle. 

28.  The  Amphibia  are  subdivided  into  Gymnophiona,  Urodela, 
and  Anura;  to  these  are  added  the  extinct  Stegocephali  (Laby- 
rinthodonts). 

29.  The  Oymnophiona  are  blind  and  have  lost  the  limbs. 

30.  The  Urodeles  have  many  vertebrae  and  a  well-developed  tail. 
They  retain  the  gills  permanently  (Perennibranchia),  or  at  least  a 
gill  slit  (Derotrema),  or  they  lose  the  branchial  apparatus  com- 
pletely in  development  (Salamaudrina);  the  metamorphosis  is  not 
pronounced. 

31.  The  Anura  have  few  vertebrae,  no  tail  nor  gills  in  the  adult, 
and  a  marked  metamorphosis  (the  larvae,  tadpoles,  are  furnished 
at  first  with  external,  then  with  internal,  gills,  and  with  swimming 
tail,  but  at  first  lack  appendages  and  lungs). 

32.  Cyclostomes,  fishes,  and  Amphibia  are  grouped  as  Anamina 
because  of  the  lack  of  amnion  and  allantois;  they  are  also  called 


CHORD  AT  A.    8UMMAE7  OF  IMPORTANT  FACTS.        655 

Ichthyopsida^  because  of  their  branchiae  and  aquatic  habit.     They 
are  poikilothermous  (cold-blooded). 

33.  The  reptiles,  birds,  and  mammals  are  called  Amnio ta  on 
account  of  the  embryonal  organs,  the  amnion  and  allantois.  They 
never  respire  by  gills  (although  gill  clefts  occur  in  the  embryo), 
and  the  appendages  are  based  on  the  pentadactyle  type. 

34.  The  IIbptilia  are  poikilothermous,  have  a  strongly  ossi- 
fied skeleton,  with  unpaired  occipital  condyle  and  usually  an 
OS  transversum  in  the  skull;  a  strongly  cornified  skin,  two  auricles, 
and  usually  two  incompletely  separated  ventricles  in  the  heart. 

35.  Recent  reptiles  are  divided  among  the  Ghelonia,  Bhyncho- 
cephalia,  Squamata  (including  Lacertilia  and  Ophidia),  and 
Crocodilia.  To  these  are  added  the  extinct  groups  Theromorpha, 
Plesiosauria,  Ichthyosauria,  Dinosauria,  and  Pterodactylia. 

36.  The  Chelojiia  are  compact,  have  a  skeletal  capsule  (carapace 
+  plastron)  composed  of  bone  and  homy  plates,  an  immovable 
quadrate  and  hard  palate,  no  os  transversum  or  teeth,  but  horny 
plates  in  tiie  place  of  the  latter;  the  cloacal  opening  elongate,  with 
an  unpaired  penis  in  front. 

37.  The  Squamata  have  homy  scales  periodically  renewed,  a 
transverse  cloacal  opening,  with  behind  it  paired  penes  and  a 
movable  quadrate. 

38.  The  Lacertilia  have  usually  movable  eyelids,  tympanic 
membrane,  four  appendages  or  their  rudiments,  and  all  but  invari- 
ably a  sternum. 

39.  The  Ophidia  lack  appendages,  sternum,  and  tympanum; 
the  eyelids  are  fused  to  a  false  cornea;  the  mouth  is  usually  exten- 
sible; poison  fangs  are  frequently  present. 

40.  The  Rhynchocephalia  resemble  the  Lacertilia  in  form,  but 
differ  in  having  a  fixed  quadrate. 

41.  The  Crocodilia  are  elongate,  have  bony  plates  in  the  skin, 
elongate  cloacal  opening,  fixed  quadrate,  teeth  placed  in  separate 
alveoli,  and  a  long  swimming  tail. 

42.  The  AvEs  (birds)  are  closely  related  to  the  reptiles  (Sau- 
ropsida)  and  share  with  them  the  single  occipital  condyle.  They 
are  distinguished  by  the  feathers,  and  by  having  the  heart  com- 
pletely divided  into  right  and  left  halves. 

43.  Other  characters  are  homoiothermy  (wsirm-blooded),  pneu- 
maticity  of  bones,  fusion  of  bones  of  manus,  formation  of  tibio- 
tarsus  and  tarso-metatarsus  (intertarsal  joint). 

44.  The  birds  are  divided  into  Ratitce,  which  lack  a  f  urcula  and 
a  keel  to  the  sternum,  and  the  CarinaicB,  in  which  the  sternum  is 
keeled  and  the  clavicles  are  united  to  a  furcula.     To  these  are 
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added  two  extinct  groups,  Saururae  and  Odontornithes,  which  had 
teeth. 

45.  The  Mammalia  have  a  double  occipital  coDdyle,  hairy  skin, 
and  milk  glands  in  the  female  for  the  nourishment  of  the  young. 

46.  Other  characters  are  the  homoiothormoiis  condition,  the 
complete  separation  of  the  heart,  the  modification  of  parts  of  the 
visceral  arches  into  the  ear  bones,  high  development  of  the  denti- 
tion (formation  of  roots,  usually  heterodont  and  diphyodont). 

47.  The  mammals  are  divided  into  Monotremata,  Marsupialia, 
and  Placentalia. 

48.  The  Monotremata  are  egg-laying  mammals  with  persistent 
cloaca;  they  have  a  distinct  coracoid  and  an  episternum. 

49.  The  Marsupialia  are  viviparous,  but  the  young,  on  account 
of  imperfect  nourishment  (usually  no  placenta),  are  bom  early  and 
usually  carried  in  a  marsupiuin  (marsupial  bones). 

50.  In  the  skeleton  the  inflected  angle  of  the  lower  jaw  is  char- 
acteristic. The  urogenital  apparatus  is  separated  from  the  anus 
by  the  perinaeum;  uterus  and  vagina  are  double. 

51.  The  Placentalia  produce  well-developed  young  which  are 
nourished  in  the  uterus  by  a  placenta;  they  have  no  marsupium 
nor  marsupial  bones.  The  vagina  is  single  (Monodelphia),  the 
uterus  simple  or  paired. 

52.  The  clawed  Edentata  and  the  Cetacea  and  Sirenia,  which 
have  flippers,  have  a  degenerate  dentition  (teeth  monophyodont  or 
lacking). 

53.  The  hoofed  ungulates  (Perissodactyla  and  Artiodactyla), 
the  Proboscidia,  and  the  small  clawed  Rodentia  are  preeminently 
herbivorous. 

54.  The  Chiroptera,  which  have  a  flying  membrane  (patagium), 
are  partly  herbivorous,  partly  insectivorous. 

55.  The  small  Insectivora  (with  small  canines  and  no  camas- 
sial)  and  the  Carnivora  (with  strong  canine  and  caniassial  molar) 
are  carnivorous.  The  Carnivora  are  subdivided  into  the  terrestrial 
Fissipedia  and  the  aquatic  Pinniped  ia. 

56.  The  ProsimiaB  and  Primates  have  a  more  or  less  indifferent 
dentition.  They  have  largely  or  entirely  replaced  claws  by  nails, 
and  are  largely  provided  with  grasping  hands  and  feet.  The* 
Prosimiae  are  lower,  the  Primates  more  highly  orgjmized. 

57.  The  Primates  are  subdivided,  according  to  the  position  of 
the  nostrils,  the  development  of  the  tail,  as  well  as  the  character  of 
the  dentition  and  the  feet,  into  the  Platyrrhinse,  or  monkeys  of  the 
New  World,  the  Catarrhinae,  or  apes  of  the  Old  World,  and  the 
Authropinoe,  or  man. 
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Aard  vark,  636 
Abalone,  379 
Abdominal  caTity,  546 
Abdominales,  562 
Abdominal  fin,  562 
Abdominalia,  426 
Abducens  nerve,  536 
Abomasum,  642 
Acantharia,  196 
Acanthia,  489 
Acanthias,  569,  571 
Acanthiidse.  489 
Acanthin,  195 
Acanthobdella,  318 
Acanthoderus,  48 
Acanthobothrium,  286 
Acanthocephala,  304 
Acanthocotyle,  274 
Acanthodes,  572 
Acanthodidse,  572 
Acanthoglossus,  632 
Acanthometra,  194 
Acanthophracta,  196 
Acanthopteri,  574,  577 
Acanthopterygii,  577 
Acaridae,  454 
Acarina,  453 
Accessory  nerve,  536 
Accessory  tissue,  99 
Accessory  yolk,  80 
Accipiter,  617 
Acephala,  358 
Acerata,  442 
'Acetabula,  280 
Achseta,  317 
Achatina,  383 
Achr)reutes,  477 
Achromatin,  65 
Achtheres,  36,  422 


Aciculum,  308 
Acineta,  212 
Acinetaria,  212 
Acinous  glands,  77 
Acipenser,  573 
Acipenseridc,  573 
Acmsea,  378 
Acmaeidae,  378 
Acoela,  271 
Acontia,  253 
Acorn  barnacle,  423 
Acrania,  502 
Acraspedia,  246 
Acraspedota,  246 
Acridiidse,  481 
Acridium,  481 
Acris,  588 
Acrodont  teeth,  599 
Actinaria,  259 
Actinian,  section  of.  136 
Actinophrys,  191,  192 
Actinopoda,  349 
Actinosphaerium,  190,  192 
Actinotrichia,  527 
Actinotrocha,  325 
Actinozoa,  251 
Aculeata,  486 
Aculeus,  472,  476 
Acustic  nerve,  536 
Adambulacral  plate,  335 
Adamsia,  254 
Adhesive  cells,  264 
Adipose  fin,  57$ 
Adoral  band,  209 
Adradius,  24$ 
iEga,  441,  442 
i^gina,  242 
iEolidae,  382 
iEolidia,  382 


667 


658 


INDEX. 


iEpiomis,  613 

iEquoria,  240,  242 

iEschna,  479 

i£sthetes,  357 

^thalium,  199 

Altenhaft,  603 

Agalmia,  244 

Agamidse,  599 

Agassiz,  21 

Agelacrinoideai  342 

Agelacrinus,  342 

Agkistrodon,  601 

Aglaophenia,  242 

Aglossa,  588 

Aglypha,  601 

Agnatha,  555 

Agrion,  479 

Air  bladder,  567 

Air  pipes,  609 

Air  sacs  of  birds,  608 

Alae,  466 

Alae  cordis,  470 

Alauda,  616 

Alaudidae,  616 

Albatross,  615 

Albertus  Magnus,  9 

Alca,  615 

Alcedinidae,  616 

Alces,  642 

Alcidse,  615 

Alciopidse,  313 

Alcippe,  424 

Alcyonaria,  258 

Alcyonidse,  259 

Alcyonidium,  324 

Alcyonium,  255,  259 

Aletia,  495 

Alima,  429 

Alimentary  tract  of  vertebrates,  546 

Alisphenoid  bone,  522 

AUantoidea,  553 

Allantois,  553 

Alligator,  602 

Alligator  turtle,  596 

AUobophora,  316 

AUoposus,  395 

AUotheria,  632 

Alosophila,  494 


Alpaca,  643 

Alpheus,  434 

Alternation  of  generations,  144,  512 

Altrices,  612 

Alula,  604 

Alveolar  duct,  548 

Alveoli,  625 

Alveolus,  548 

Alytes,  585 

Amaroucium,  510 

Ambergris,  646 

Amblyopsidse,  576 

Amblypoda,  '643 

Amblystoma,  587 

Amblystoma,  larva  oS^  36 

Ambulacra,  331 

Ambulacral  grooves,  335 

Ambulacral  plates,  335 

Ambulacral  system,  122,  330 

Ambulacral  vessels,  331 

Ametabolous,  473 

Amia,  574 

Amia,  tail  of^  41 

Amicula,  357 

Amiidae,  574 

Ammoccetes,  557 

Ammonitidae,  394 

Amnion,  472,  553 

Amniota,  553,  588 

Amoeba,  61,  62,  187,  189 

Amcebina,  189 

Amoeboid  motion,  187 

Amphacantbe,  574 

Amphiaster,  70 

Amphibia,  580 

Amphibiotica,  479 

Amphicoele.  518 

Amphicoelias,  596 

Amphidiscs,  227 

Amphigony,  142 

Amphilina,  286 

Amphineura,  356 

Amphioxus,  502,  504 

Amphioxus,  cleavage  of,  151 

Amphioxus,  gastrula  of,  156 

Amphiphorus,  291 

Amphipoda,  438 

Amphisboena,  599 
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Arophistomum,  278 
Amphithoe,  428 
Amphitrite,  312,  313 
Amphiuma,  585,  587 
Ampbiura,  338 
Amphoridae,  342 
Ampullaridse.  380 
Ampullae,  223,  331,  542 
Amyda,  596 
Anabnxs,  481 
Anacanthini,  577 
Anaconda,  601 
Anal  glands,  106 
Anal  fin,  526,  562 
Anallantoidia,  553,  555 
Analogy,  14,  100 
Anamnia,  553,  555 
Anaplocephalus,  287 
Anaptomorphidse,  649 
Anas,  615 
Anaspides,  437 
Anatomy,  57,  58 
Anatomy,  comparative,  3 
Anaxial  form,  135 
Androctonus,  400 
Anelasma,  423,  424 
Angiostoma,  601 
Anguillidse,  576 
Anguillula,  300 
Angaillulidae,  300 
Anguis,  599 
Angulare,  582 
Animal  morphology,  57 
Animal  organs,  loi,  121 
Animal  pole,  147,  151 
Animals  and  plants^  171 
Anisomyaria,  367 
Anisopoda,  442 
Annelida,  305 
Annulata,  599 
Anodonta,  361,  367 
Anolis,  599 
Aiiomodontia,  594 
Aitopheles.  217,  492 
Anser,  615 
Anseriformes,  615 
Anurctic  province,  178 
Ant  eaters,  636 


Antedon,  339,  342 
Antenna,  401,  410,  430,  463 
Antennal  gland,  411 
Antennulae,  430 
Antheomorpha,  251 
Anthomastus,  259 
Anthomedusae,  239,  241 
Anthomyia,  492 
Anthozoa,  251 
Anthropinae,  651 
Anthropoidae,  651 
Anthropopithecus,  652 
Antilocapra,  642 
Antilope,  642 
Antilopidae,  642 
Antimeres,  137 
Antipatharia,  259 
Antipathes,  259 
Antlers,  642 
Ant  lion,  481,  483 
Antrostomus,  616 
Antrum  of  Highmore,  539 
Ants,  487 
Ants,  white,  478 
Anura,  588 
Anurida,  477 
Aorta,  548 

Aorta  ascendens,  504,  549 
Aorta,  descendens,  504 
Apes,  651 
Aphaniptera,  493 
Aphidae,  490 
Aphrodite,  313 
Apiariae,  487 
Apical  plate,  306 
Apis,  487 
Aplacophora,  358 
Aplysia,  381 
Aptysilla,  226 
Aplysina,  224,  226 

Apoda,  349i  425.  5*7 
Apodidae,  416 
Apophysis,  517 
Aporosa,  260 
Appendicularia,  506 
Aprophora,  489 
Aptenodytes,  615 
Aptera,  491 
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Apteila,  604 
Apteryges,  613 
Aptcrygota,  477 
Apteryx,  613 
Apus,  416 
Aquatic  iaunse,  179 
Aqueduct  of  Sylvius,  534 
Aqueous  humor,  131 
Aquila,  617 
Arachnida,  444 
Araneina,  451 
Arbacia,  345 
Arcella,  198 
Archsean  era,  180 
Archseopteryx,  33,  612 
Archegony,  139 
Archenteron,  103,  104,  156 
Archianellidae,  313 
Archigetis,  286 
Archiptera,  477 
Archipterygium,  529 
Architeuthes,  384,  395 
Arcidse,  367 
Arcifera,  588 
Arctic  province,  178 
Arctogsea,  177 
Arctotherium,  647 
Arcyria,  199 
Ardea,  615 
Arenicolidse,  313 
Areolar  connective  tissue,  85 
Argas,  454 
Argina,  367 
Argiope,  327,  453 
Argonauta,  392,  395 
Argonautidse,  395 
Argulidse,  422 
Argulus,  421,  422 
Ariolimax,  383 
Arion,  383 
Arista,  493 
Aristotle,  7 

Aristotle's  lantern,  345 
Armadillidium,  442 
Armadillo,  636 
Annata,  317 
Army  worm,  495 
Artemisl,  416 


Arterial  arches,  549 

Arteries,  112 

Arthrodira,  579 

Arthrogastrida,  447 

Arthropoda,  398 

Arthrostraca,  438 

Articular  bone,  525 

Articular  process,  519 

Articulata,  342,  398 

Artificial  impregnation,  147 

Artificial  selection,  43 

Artiodactyla,  640,  641 

Arvicola,  639 

Ascalabotae,  598 

Ascaridse,  301 

Ascaris,  145,  299 

Ascaris,  fertilization  in,  150 

Ascidiseformes,  508 

Ascidians,  505 

Ascones,  222,  225 

Ascyssa,  224 

Asellidse,  442 

Asellus,  440 

Asexual  reproduction,  140,  143 

Asilidse,  493 

Asp,  601 

Aspergillum,  368 

Aspidobranchia,  378 

Aspidonectes,  596 

Aspidotus,  490 

Ass,  641 

Assimilation,  organs  of^  102 

Astacidse,  435 

Astacoidea,  435 

Astacus,  431,  432,  435 

Astarte,  367 

Astartidse,  368 

Asterias,  337 

Asterias,  early  development,  146,  14S 

Asteridae,  337 

Asterinidse,  337 

Asteriscus,  335,  337,  564 

Asteroidea,  333 

Astrsea,  261 

Astrangia,  260,  261 

Astroides,  261 

Astrophyton,  338 

Asymmetrical  form,  135 
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Asymmetron,  504. 
Atalapha,  638 
Atax,  454 
Ateles,  651 
Atelodus,  641 
Atheca,  595 
Atlantidae,  380 
Atlas,  581,  590 
Atoke,  310 
Atoll,  258 
AtoUa,  250 
Atrium,  iii,  506,  508 
Atrypa,  328 
Attus,  453 
Atypus,  453 
Auchenia,  643 
Auditory  meatus,  545 
Auditory  nerve,  536 
Auditory  organs,   127 
Auk,  615 
Aulacantha,  196 
Aulophorus,  315 
Aulosphsera,  196 
Aurelia,  245,  250 
Auricle,  III,  548 
Auricularia,  332 
Aurochs,  642 
Australian  region,  176 
Autoflagellata,  200 
Autoinfection,  215 
Autolytus,  313,  314 
Aves,  603 
Avicularia,  323 
Aviculidse,  367 
Aye-Aye,  649 
Axial  skeleton,  526 
Axiothea,  313 
Axis,  590 
Axis  cylinder,  96 
Axolotl,  587 
Axons,  94 
Azoic  era,  180 
Azygobrancbia,  379 

Baboons,  651 
von  Baer,  17 
Baetisca,  479 
Badger,  d*7 


Balaena,  646 

Balaenoptera,  646 

Balancers,  491 

Balaninus,  485 

Balanoglossus,  513 

Balantidium,  209,  210 

Balanus,  423 

Baleen,  645 

Bandicoot,  633 

Barbs  603 

Barbules,  603 

Barnacles,  423 

Basalia,  330,  340,  527 

Bascanion,  601 

Basioccipital  bone,  522 

Basiopodite,  410 

Basisphenoid  bone,  523 

Bass,  black,  577 

Bassomatophora,  383 

Bath  sponges,  227 

Bats,  637 

Bdetlodrilus,  315 

Bdellostoma,  557 

Bdelloura,  271 

Bears,  647 

Beaver,  639 

Bedbug,  ^9 

Bee,  larva  of,  105 

Bees,  487 

Beetles,  483 

Bela,  380 

Belemnites,  388 

Bellovacensis,  9 

Bell's  law,  536 

Belosepia,  388 

Belostoma,  489 

Belostomidx,  489 

Beroe,  264 

Beniidae,  264 

Bestiarius,  9 

Bicidium,  259 

Bicoseca,  201 

Bicuspid  teeth,  626 

Big  horn,  642 

Bilateral  symmetry,  131 

Bilharzia,  277 

Bimana,  650 

Biogenesis,  fundamental  law  of,  34 
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Biology,  4,  57 
Bipalium,  271 
Bipinnaria,  332 
Biradial  symmetry,  136 
Bird  lice,  479 
Birds,  603 

Birds  of  paradise,  50^  616 
Birgiis,  432,  436 
Bison,  642 
Bittacus,  483 
Bivium,  334 
Black  bass,  577 
Black  fish,  646 
Black  flies,  493 
Black  snake,  601 
Bladder,  urinary,  552 
Bladder  worm,  278,  284 
Blarina,  637 
Blastoderm,  153 
Blastodermic  vesicle,  155 
Blastoidea,  342 
Blastomeres,  151 
Blastopore,  156 
Blastostyle,  242 
Blastula,  151,  155 
Blatta,  480 
Blattidae,  480 
Blind  fish,  576 
Blissus,  489 
Blister  beetle,  484 
Blood,  88,  III 
Blood  corpuscles,  88 
Blood  vessels,  ii.o,  ill 
Blow  flies,  493 
Blue  birds,  61C 
Boa,  601 
Bobolink,  616 
Body  cavity,  109 
Bojanus,  organ  of,  363 
Bolina,  264 
Bombycina,  495 
Bombyx,  495 
Bonasa,  614 
Bone,  86 

Bonellia,  317,  318 
Book  lice,  479 
Bopyridse,  442 
Bopyrus,  442 


Bos,  642 
Bosmina,  417 
Botairs  duct,  550 
Bot  flies,  493 
Bothriocephalidae,  287 
Bothriocephalus,  281,  283,  287 
Bothxops,  601 
Botryllus,  510 
Bougainviliea,  144,  241 
Bovidse,  642 
Bow  fin,  574 
Box  turtle,  596 
Brachialia,  340 
Brachiolaria,  332 
Brachiopoda,  325 
Brachycera,  493 
Brachyura,  437 
Braconidse,  486 
Bradypus,  636 
Brain  coral,  261 
Branchial  arch,  524 
Branchial  chamber,  352,  506 
Branchial  clefts,  501 
Branchial  heart,  391 
Branchial  tree,  348 
Branchiata,  408 
Branchiomerism,  523 
Branchiopoda,  416 
Branchiostegal  membra  me,  56 
Branchiostegal  rays,  562 
Branchiostegite,  431 
Branchipidse,  416 
Branchipus,  416 
Branchiura,  422 
Braula,  493 
Breast  bone,  518 
Brevilinguia,  599 
Brissus,  346 
Bristles,  311 
Bristles,  tactile,  126 
Bristle  tails,  477 
Brittle  stars,  337 
Bronchiole,  548 
Bronchus,  547 
Bryozoa,  321 
Bubalus,  642 
Bubo,  617 
Buccal  cavity,  106 
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Buccal  ganglion,  390 

Bttccinidse,  380 

Bttccinum,  379 

BucerontidsCi  616 

Budding,  141 

Budding  and  germ  layers,  159 

Buffalo,  642 

Buffalo  leaf  hopper,  490 

Buffbn,  21 

Buib,  588 

Bufonidse,  588 

Bugs,  489 

Bugula.  324 

Bulbus  arteriosus,  568 

Bulbus  olfactorius,  534 

Bulimus,  383 

Bulla,  381 

Bulla  ossea,  621 

Bunodes,  259 

Bunodontia,  641 

Bunodont  teeth,  626 

Burbot,  578 

Bursa,  331,  338 

Bursa  copulatrix,  471 

Bustard,  615 

Buteo,  617 

Buthus,  448 

Butrinus,  575 

Butterflies,  494,  495 

Butterflies,  leaf,  47 

Buzzard,  617 

Byssus,  363 

Cabbage  worm,  496 
Cacatua,  616 
Cacospongia,  227 
Caddis  flies,  483   • 
Caecidotea^  442 
Caecilia,  587 
Caecum,  io6,  461,  627 
Caenolestes,  633 
Csmosarc,  231 
Calamoichthys,  573 
Calandra,  485 
Calanida;,  421 
Calappa,  437 
Calcispongise,  225 
Caligidae,  422 


Caligus,  423 
Callianira,  263 
Calliphora,  493 
Callorhinus,  648 
Calosoma,  484 
Calycella,  242 
Calyconectae,  244 
Calycophorse,  244 
Calycozoa,  250 
Calyptoblastea,  242 
Camarasaurus,  596 
Cambarus,  435 
Cambrian,  180 
Camelopardalidse,  64a 
Camels,  643 
Camelus,  643 
Campanella,  242 
Campanula  Halleri,  564 
Campanularia,  232,  233 
Campanulariae,  239,  242 
Camper's  angle,  624 
Campodea,  400,  477 
Canal,  radial,  331 
Canal,  ring,  331 
Canal,  semi -circular,  128 
Canals  of  sponges,  223 
>  Cancer,  437 
Cancridae,  437 
Candona,  423 
Canidse,  647 
Canine  teeth,  625 
Canis,  647 
Canker  worms,  494 
Cannostomse,  250 
Cantharidse,  484 
Canthocamptus,  421 
Capillaries,  III 
Capillitium,  199 
Capra,  642 
Caprella,  440 
Caprimulgidae,  616 
Capsule,  central,  193 
Capybara,  639 
Carabidae,  484 
Carapace,  410,  594 
Carboniferous,   180 
Carcharinus,  571 
Carcharodon,  571 
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Carchesium,  210,  211 
Cardiidse,  367 
Cardinal  teeth,  359 
Cardinal  vein,  549 
Cardium,  367 
Cardo,  463 
Caridea,  434 
Carina,  424 
Carina  stemi,  605 
Carinaria,  380 
Carinariidse,  380 
Carinella,  291 
Carinatse,  613 
Camassial  teeth,  626 
Camivora,  646 
Carotid  artery,  549 
Carp,  576 
Carpal  bones,  529 
Carpocapsa,  494 
Cartilage,  86 
Cartilage  bone,  5 19 
Cartilaginous  cranium,  519,  520 
Car^'ogamy,  184 
Car)rophyllaeus,  285,  286 
CaryophylUeidae.  285     . 
Caryophyllta,  257,  260 
Cassowary,  613 
Castor,  639 
Castoridae,  639 
Casuarina,  613 
Casuarius,  613 
Cataclysm  theory,  20 
Catallacta,  220 
Catarrhinse,  651 
Caterpillars,  494»  49S 
Catfish,  576 
Cathartes,  617 
Cathartidse,  616 
Catocala,  495 
Catometopa,  437 
Catostomidse,  576 
Cats,  647 
Cattle,  642 
Caudal  fin,  526,  562 
Caudina,  347,  349 

Causal  foundation  of  theory  of  evolu- 
tion, 43 
CaTia,  639 


Caviare,  573 

Cavicomia,  642 

Caviidae,  639 

CavoUnidse,  382 

Cebidae,  651 

Cebus,  651 

Cecidomyia,  492 

CeU,  58 

Cell  complexes,  71 

Cell  division,  68 

Cell,  nature  of^  60 

Cell  organs,  183 

Cell.reticulum,  6z 

Cell  theory,  17,  58 

Cells,  adhesive,  264 

Ceils,  blo*d,  88 

Cells,  contractile  fibre,  92 

Cells,  division  of,  68 

Cell,  egg,  80 

Cells,  ganglion,  94 

Cells,  gland,  76 

Cells,  goblet,  77 

Cells,  muscle,  92 

Cells,  multipUcation  of,  68 

Cells,  nettle,  229 

Cells,  sexual,  143 

Cells,  somatic,  143 

Cells,  supporting,  83 

Cells,  thread,  229 

Cells,  yellow,  195 

Cellular  connective  tissue,  84 

Cellularia,  324 

Cellulose,  172,  505 

Cenozoic  era,  181 

Centipedes,  459,  4^1 

Central  capsule,  193 

Central  nervous  system,  122 

Centrifizgal  nerve  tracts,  94 

Centripetal  nerve  tracts,  94 

Centrodorsal,  338 

Centrolecithal  eggs,  152,  153 

Centrosome,  190 

Centrum,  518 

Centrums,  448 

Cephalaspis,  557 

Cephalochordia,  502 

Cephalodiscus,  514 

Ceplialopoda,  384 
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Cephalothorax,  399 
Cephalothrix,  291 
Ceraxnbyddae,  485 
Ceraospongue,  227 
Ceratium,  203 
Ceratodus,  579 
Ceratorhinus,  64Z 
Cercaria,  268,  276 
Cercomonas,  202 
Cercopidse,  489 
Cercus,  477 
Cere,  604 

Cerebellar  hemispheres,  535 
Cerebellum,  535 
Cerebral  flexures,  624 
Cerebral  ganglion,  123 
Cerebral  hemispheres,  534 
Cerebratulus,  292 
Cerebrum,  534 
Ceresa,  490 

Cereus,  253 

Cerianthus,  255 

Cervicomia,  642 

Cerridse,  642 

Cervus,  642 

Ceryle,  616 

Cestidse,  264 

Cestoda,  278 

Cestum,  264 

Cetacea,  .645 

Cetochilus,  421 

Chaelura,  439 

Chsetae,  31Z 

Chsetiferi,  317 

Chaetoderma,  358 

Chaetognathi,  296 

Chsetonotus,  295 

Chaetopoda,  306 

Chaetura,  616 

Chain  salps,  $12 

Chalcis,  486 

Chalcididae,  486 

Chalina,  227 

Chameleon,  599 

Chamois,  642 

Charadriformes,  615 

Charadrius,  615 

Charybdea,  250 


Chelicera,  445 
Chelifer,  450 
Chelone,  596 
Chelonia,  $94 
Chelonidae,  596 
Chelydra,  596 
Chelydridae,  596 
Chermes,  450 
Cheyron  bones,  518 
Chevrotain,  642 
Chiastoneury,  373 
Chigoe,  494 
Chilognatha,  496 
Chiiomonas,  20Z 
Chilomycterus,  578 
Chilopoda,  459,  460 
Cliilostomata,  324 
Chimaera,  572 
Chimney  swallow,  6z6 
Chimpanzee,  651 
Chinch  bug,  489 
Chiromys,  649 
Chiroptera,  637 
Chirotes,  599 
Chitin,  398 
Chiton,  357 
Chitonidae,  356 
Chlamydosaurus,  599 
Chlamydoselachus,  570 
Chloragogue  cells,  1 16 
Choanoflageiiata,  202 
Choloepus,  636 
Chondrilla,  224 
Chondrin,  86 
Chondrioderma,  199 
Chondrocranium,  520 
Chondropterygii,  569 
Chondrostei,  573 
Chone,  313 
Chorda  dorsalis,  501 
Chordata,  501 
Chordodes,  304 
Chordotonal  sense  organs,  406 
Chorion,  148,  634 
Choroid,  540 
Choroidea,  131 
Choroid  coat,  130,  13 1 
Choroid  gland,  $64 
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Chromatin,  65 
Chromatophores,  387 
Chromomonadina,  202 
Chrysalis,  494. 
Chrysomelidae,  485 
Chrysomitra,  244 
Chrysopa,  483 
Chyle,  550 
Chyle  vessels,  114 
Cicada,  488,  489,  490 
Cicadidae,  489 
Cicindelidse,  484 
*     Ciconia,  615 
Ciconiformes,  615 
Cidaridca,  345 
Ciliata,  204 
Ciliated  epithelium,  75 
Cilioflagellata,  203 
Cimbex,  486 
Cinclides,  253 
Ciona,  507 

Circulatory  apparatus,  109 
Circulatory  organs  of  ▼crtebrate*,  548 
Cixolana,  442 
Cirri,  312 
Cirripedia,  423 
Cirrus,  120,  272,  308 
Cirrus  pouch,  272 
Cistenides,  314 
Cistudo,  596 
Citigrada,  453 
Cladocera,  417 
Cladocora,  260,  261 
Cladoselache,  572 
Clamatores,  616 
Clams,  368 
Class,  10 

Classification,  difficulties  in,  30 
Clathrulina,  191,  192 
Clava,  241 
Clavellinidse,  510 
Clavicle,  528 
Claws,  618 
Clear  wings,  495 
Cleavage  cavity,  155 
Cleavage  planes,  151 
Cleavage  of  eggs,  149,  151 
Cleavage  process,  151 


Cleavage,  types  of^  153 
Cleon,  479 
Gepsidrina,  213,  215 
Clepsinidfle,  321 
Clibanarius,  436 
Clidastes,  600 
Climbing  birds,  616 
Clione,  382 
Clisiocampa,  495 
Clitellio,  315 
Clitellum,  315 
Cloaca,  106,  223,  506,  546 
Clothes  moth,  494 
Clupeidx,  576 
Clymene,  313 
Clypeaster,  343,  346 
Clypeastroidea,  346 
Clypeus,  462 
Clytia,  242 
Cnemidophorus,  599 
Cnidae,  229 
Cnidaria,  228 
Cnidocil,  229 
Cobra,  601 
Coccids,  490 
Coccidiae,  215 
Coccidium^  21$,  216 
Coccinellidae,  485 
Coccus,  490 
Coccygus,  616 
Cochineal,  490 
Cochlea,  128,  543 
Cockatoos,  616 
Cockroach,  480 
Cod,  577,  578 
Codlin  moth,  494 
Codosiga,  201,  202 
Coelenterata,  228 
Coelhelminthes,  295 
Coelom,  109,  158 
Coelom  of  Vertebrates,  545 
Coelomic  pouches,  158 
Coelenteron,  228 
Ccelodendron,  196 
Coeloplana,  264 
Coelopleurus,  343,  345 
Coeloria,  260,  261 
Ccenurus,  285 
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Goiter,  13 

Cold  rigor,  6^ 

Cold4ilooded  animals,  114 

Coleoptera,  483 

Collaterals,  94 

Collembola,  477 

Collozoum,  194 

Coloborhombus,  49 

Colon,  461 

Colony,  164 

Coloration,  sympathetic,  46 

Colossendeis,  456 

Colossochelys,  596 

Colubriformia,  601 

Columba,  614 

Columbidae,  614 

Columella,  199,  256,  370,  525,  544,  59S 

Columns  of  cord,  533 

Colymbidse,  615 

Colymbus.  615 

Comatrichia,  199 

Comatulidse,  342 

Commissures,  123 

Complemental  males,  424,  442 

Compound  eye,  403,  404 

Conchiolin,  352 

Conch  of  ear,  545 

Condylarthra,  639,  643 

Condylura,  637 

Cones  of  eye,  540 

Coney,  644 

Conidse,  380 

Conjugation,  184,  206 

Connective  tissues,  83 

Conocephaius,  481 

Conocladium,  2cx>,  202 

Conotrachelus,  485 

Contractile  fibre  cells,  92 

Contractile  vacuole,  183 

Conurus,  616 

Conus,  380 

Conus  arteriosus,  567 

Convergent  development,  169 

Cope,  24 

Copelatae,  506 

Ctipfpoda,  417 

Copperhead,  601 

Copula,  524 


Copulation,  147 

Coracilormes,  616 

Coracoid,  528 

Coral,  brain,  260,  261 

Coral,  deer's  horn,  261 

Coral,  organ  pipe,  259 

Coral,  precious,  259 

Coral,  red,  256 

Coral  reefs,  258 

Coral  snake,  601 

Corallium,  256,  259 

Cordylophora,  239 

Coregtmus,  576 

Corium,  514 

Cornea,  130,  131,  541 

Cornacuspongia,  227 

Coronula,  423,  424 

Corpora  bigemina,  534 

Corpora  quadrigemina,  534 

Corpus  callosum,  623 

Corpus  striatum,  534 

Corpuscles,  Miescher's,  218 

Corpuscles,  Meissner's,  126 

Corpuscles,  Rainey's,  218 

Corpuscles,  Vater-Pacinian,  126 

Correlation  of  parts,  14 

Corrodentia,  478 

Corti,  organ  of,  543 

Corvus,  616 

Corvidae,  616 

Curycseidae,  421 

Corydalis,  482 

Corymorpha,  241 

Costse,  256 

Costal  plates,  594 

Cotingidse,  616 

Cotton  worm,  495 

Cottus,  577 

Cotyledonary  placenta,  634 

Cotumix,  614 

Cougar,  647 

Covering  scale,  243 

Coverts,  604 

Cowries,  380 

Coxa,  463 

Coxal  glands,  445 

Crab  louse,  491 

Crabs,  437 
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Crab  stones,  433 

Crangon,  434,  435 

Crane  flies,  492 

Cranes,  615 

Crania,  328 

Cranial  nerves,  536 

Craspedon,  235 

Craspedota,  235 

Crassatella,  359 

Crassilingoia,  599 

Crayfish,  435 

Creodonta,  648 

Crepidula,  379 

Crepidula,  cleavage  of  egg,  154 

Cretaceous,  180 

Cribillina,  324 

Cribrellum,  452 

Crickets,  4isi 

Crinoidea,  338 

Crisia,  324 

Crista  acustica,  127,  542 

Crista  stemi,  605 

Crocodilia,  601 

Crocodiius,  602 

Crop,  106,  467 

Crossbill,  616 

Crosses,  27 

Crossopterygii,  573 

Crotalidse,  601 

Crotalus,  601 

Croton  bug,  480 

Crows,  616 

Crura  cerebri,  623 

Crustacea,  408 

Cryptobranchus,  587 

Cryptocephala,  313 

Cryptochiton,  357 

Cryptodira,  596 

Cryptoniscus,  442 

Cryptopentamera,  484 

Crystalline  cone,  405 

Crystalline  style,  364 

Ctenidia,  353 

Cteniza,  453 

Ctenobranchia,  379 

Ctenodiscus,  337 

Ctenoid  scale,  558 

Ctenolabrus,  576 


Cten<^hora,  261 
Ctenoplana,  264 
Ctenostomata,  324 
Cubomedusae,  250 
Cuckoos,  616 
Cuculiformes,  616 
Cuculus,  616 
Cucumaria,  349 
CulciU,  334,  337 
Culicidae,  492 
Cumacea,  437 
Cunina,  242 
Cunocantha,  239,  242 
Curculio,  485 
Currant  worm,  494 
Cursorial  loot,  614 
Cursoria,  480 
Cuspidaria,  368 
Cutaneous  artery,  585 
Cuticle,  75 
Cutis,  514 

CutUe  bone,  388,  395 
Cuttle  fish,  395 
Cuvier,  14,  .15 
Cuvierian  ducts,  548,  567 
Cuvierian  organs,  348 
Cyamus,  440 
Cyanea,  250 
Cyanocitta,  616 
Cycladidse,  368 
Cyclas,  368 
Cycbid  scale,  558 
Cyclometopa,  437 
Cyclostomata,  324,  555 
Cyclostomidae,  380 
Cyclopidse,  421 
Cyctops,  37,  421 
Cydippidse,  264 
Cygnus,  615 
Cymbulidse,  382 
Cymothoa,  440,  442 
C3rnipid9e,  486 
Cynocephalus,  651 
Cynomorphse,  651 
Cynomys,  639 
Cynthia,  510 
Cynthiidx,  510 
Cyprseidae,  380 
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Cyprididse^  423 
Oypridinay  423 
Oypridinidae,  423 
Oyprinidae,  576 
Cypris,  423 
Oypselidae,  616 
CT^'pselomorphae,  616 
C     tidae,  196 
Oyrtophilus,  481 
Cysticercoid,  285 
Cysticercus,  278,  284 
Cystid,  322 
Cystidea,  342 
CystoflageUata,  203 
Cystonectse,  ^44 
Cytoblast,  58 
Cytopharynx,  183 
Cytopyge,  183 
C3rto6porid8e,  213 
Cytostome,  183 

Dactylethra,  588 
Daddy  long-legs,  450 
Daphnia,  417,  418 
Daphnidse,  417 
Dart  sac,  376 
Darwin,  23 
Darwinian  theory,  25 
Dasyatis,  572 
Dasypodidse,  636 
Dasypus,  636 
\  Dasyuridse,  633 
Dasyurus,  633 
Datames,  450 
Decapoda,  394,  4^9 
Deer,  642 
Degeneration,  167 
Delamination,  157 
Delphinus,  646 
Demibranch,  566 
Demodex,  454 
Dendrites,  94 
Dendrocoelum,  271 
Dendroeca,  616 
Dendronotus,  382 
Dental  formula,  626 
Dentalium,  369 
Dentary  bone,  525,  582 


Denticetae,  645,  646 
Dentine,  515 
Derma,  514 
Dermal  teeth,  515 
Dermanyssus,  454 
Dermatobia,  493 
Dermatoptera,  480 
Dermochelys,  595 
Dero,  315 
Derotrema,  587 
Desmodont  hinge,  359 
Desmodus,  638 
Desor's  larva,  291 
Deutocerebrum,  462,  468 
Deutomerite,  214 
Deutopiasm,  80 
Devexa,  642 
Devonian,  180 
Diaphragm,  546 
Diapophytis,  518 
Diaptomus,  421 
Diastema,  638 
Diastictis,  494 
Diapheromera,  480 
Diastylis,  437 
Dibranchia,  394 
Dicotyle,  641 
Dicyemida,  220 
Didelphia,  632 
Didelphys,  633 
Didus,  614 

Differentiation  of  tissues,  71 
Difflugia,  198 

Diflfuse  nervous  system,  122 
Diffuse  placenta,  634 
Digger  wasps,  486 
Digenea,  274 
Digestive  tract,  103 
Digitigrade,  647 
Dimorphodon,  602 
Dimyaria,  367 
Dinichthys,  579 
Dinobryon,  200,  202 
Diomedia,  615 
Dinoflagellata,  203 
Dinoceras,  643 
Dinomithidse,  613 
Dinosauria,  $96 
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Dinotheridse,  644 
Dinotherium,  644 
Dioecious,  118 
Diopatra,  313 
Diotocardia,  378 
Diphasia,  242 
Diphycercal  fin,  41,  562 
Diphyes,  244,  245 
Diphyodont,  625 
Diploblastica,  230 
Diplocardia,  316 
Diplopoda,  459,  496 
Dipioria,  261 
Diplospondyli,  $70 
Diplosoon,  273 

Diplozoon,  development  o^  165 
Dipneumones,  453 
Dipneumonia,  579 
Dipneusti,  579 
Dipnoi,  579 
Diporpa,  165,  274 
Diprotodon,  634 
Dipiotodonta,  633 
Diptera,  491 
Dipurena,  240,  242 
Dipylidium,  287,  289 
Direct  deTelopment,  160 
Directive  corpuscles,  140 
Directive  spindle,  146 
Directives,  254 
Discina,  328 
Discodermia,  226 
Discodrilidae,  315 
Discoidal  placenta,  634 
Discomedusse,  250 
Disconanthe,  245 
Discophori,  318 
Dispermy,  148 
Distaplia,  510 
Distichalia,  340 
Distichopus,  315 
Distomise,  274 

Distomum,  116,  272,  275,  276 
Distribution,  40 
Disuse,  55 

Division  of  labor,  72,  165 
Dobsons,  482 
Docoglossa,  378 


Docophorus,  479 
Dodo,  614 

Dog-day  harvest  fly,  489 
Dogfish,  569,  571 
Dog,  prairie,  639 
Dog  sharks,  571 
Dogs,  647 
Dolichonyx,  616 
Doliolum,  512 
Dolomedes,  453 
Dolphins,  646 
Dondersia,  358 
Doridiidse,  382 
Doris,  382 
Doryphora,  485 
Dorsal  aorta,  548 
Dorsal  fin,  526,  562 
Dorsal  organ,  341 
Draco,  599 
Dragon  flies,  479 
Dranculus,  303 
Dreissenia,  367 
Drepanidotaenia,  289 
Drills,  651 
Dromseus,  613 
Dromatherium,  632 
Drum  of  ear,  544 
Duck,  615 
Duckbill,  632 
Ducts,  genital,  120 
Ductus  Botallii,  550 
Ductus  choledochus,  546 
Ductus  cochlearis,  543 
Ductus  ejaculatorius,  120 
I>ttgong.  645 
Duplicidentata,  639 
Dyna<tes,  484 
Dysmorphosa,  241 
Dysodont  hinge,  359 
Dytiscidse,  484 

Eagles,  617 

Ear  bones,  525 

Ear  of  vertebrates,  542  • 

Earth  worms,  315 

Ear  wig,  480 

Ecardines,  328 

Ecd3rsis,  399 
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£lcheneis,  577 
Echidna,  631,  632 
Kchidnidae,  632 
Echinarachnius,  345,  346 
Echinobothrium,  286 
Echinocardhim,  346 
£chinococcus,  288 
£chinoderidae,  295 
EchiiKxienna,  329 
Echinoidea,  343 
Echinorhynchus,  304 
Echinospbderites,  342 
Echiuroidea,  317 
Echiurus,  317 
Eciton,  488 
Ecology,  4 
Ectethmoid  bone,  522 
Ectochondrostoses,  519 
Ectocyst,  322 
Ectoderm,  103,  156 
Ectoparasites,  169 
Ectopistes,  614 
Ectoprocta,  322 
Ectosarc,  189 
Edentata,  635 
Edriophthalmata,  438 
Edrioasteroidea,  342 

Edwardsia,  253,  255,  259 

Edwardsiella,  259 

Egg  cell,  80 

Egg  of  bird,  153 

Egg,  cleavage  of,  149,  151 

Egg,  fertilization  of,  147 

Egg,  maturation  of,  146 

Egg  nucleus,  146,  149 

Egg,  segmentation  of,  149*  151 

Egg  tooth,  593 

Eicbhom,  13 

Eiderduck,  615 

Eimeria,  213 

Elaps,  601 

Elasipoda,  349 

Elasmobranchii,  569 

Elastic  cartilage.  86 

Elastic  tissue,  85 

Elastica  externa,  516 

Elastica  interna,  516 

Elastin,  85 


Elater,  199 
Electric  catfish,  576 
Electric  eel,  576 
Electric  organs,  563 
Elephantiasis,  304 
Elepbantidae,  644 
Elephants,  643 
Elephas,  644 
Elytra,  312,  466 
Embiotocidse,  577 
Embryo,  160 
Embiyology,  3,  139,  160 
Emu,  613 
Enamel,  515 
Enchylema,  62 
Enchytrseidse,  315 
Encyrtidium,  193,  196 
Encystment,  184 
Endite,  410 
Endocyst,  322 
Endolymph,  127,  543 
Endolymphatic  duct,  542 
Endopodite,  410 
Endostyle,  506 
English  sparrow,  616 
Enhydris,  647 
Enopla,  290 
Ensatella,  368 
Entalis,  369 
Entelops,  635 
Enteroccele,  109 
Enteruponeusta,  512 
Entoconcha,  349 
Entochondrostoses,  519 
Entoderm,  103.  156 
Entomobrya,  477 
Entomostraca,  414 
Entoniscus,  441 
Entoniscidse,  441,  442 
Entoparasites,  169 
Entophaga,  486 
Entoplastron,  594 
Entoprocta,  321 
Entosarc,  189 
Entovalva,  349 
Environment,  54 
Eicene,  181 
Eohippus,  643 
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Eozoon,  I  So,  198 
Epaxial  muscles,  518 
Epeira,  451,  453 
Ependyma,  124,  532 
Ephemera,  479 
Ephemerida,  479 
Ephippium,  417 
Ephydatia,  227 
Ephyra,  246,  248,  249 
Epiblast,  156 
EpiMella,  274 
Epididymis,  320,  552 
Epigenesis,  16 
Epiglottis,  547 
Epimerite,  214 
Epiotic  bone,  522 
Epipharynx,  463 
Epiphragm,  372 
Epiphysis,  S3S 
Epiplastron,  595 
Epipleural  bones,  574 
Epipodite,  410 
Epipodium,  369 
Epipterygoid  bone,  598 
Epistemum,  528 
Epistropheus,  590 
Epistylis,  208,  211 
Epitheca,  256 
Epithelial  tissues,  73 
Epithelium,  germinal,  118 
Epitoke,  311 
Epizoanthus,  170,  259 
Equatorial  furrow,  15 1 
Equatorial  plate,  69 
Equidse,  641 

Equilibration,  organs  of,  128 
Equus,  641,  643 
Erax,  493 
Erethyzon,  639 
Eretmochelys,  596 
Erichthus,  429,  430 
Erigone,  453 
Erinacidse,  637 
Eristalis,  493 
Ermine,  647 
Errantia,  313 
Erythroblasts,  89 
Erythroneura,  490 


Eschara,  324 

Esocidae,  576 

Essence  of  pearl,  558 

Estheria,  417 

Estheriidae,  417 

Ethiopian  region,  176,  178 

Ethmoidalia,  521 

Ethmoid  bone,  523,  620 

Euchilota,  240 

Eucopepoda,  42 1* 

Eucratea,  324 

Eucrinoidea,  342 

Eudendrium,  232,  242 

Eudoxia,  166,  244 

Eufiagellata,  202 

Euglena,  200,  202 

Euglenidse,  202 

Euglypha,  198 

Euisopoda,  442 

Eumeces,  599 

Eunectes,  601 

Eunice,  311 

Eunicidae,  313 

Eupagurus,  170,  435,  436 

Euphausia,  429 

Euplectella,  226 

Euplexoptera,  480 

Eupolia,  292 

Euryalidae,  338 

Eurypauropus,  497 

Eurypterida,  444 

Eurypterus,  444 

Euselachii,  571 

Euspongia,  221,  227 

Eustachian  tube,  544 

Eustachius,  12 

Eusuchia,  602 

Eutainia,  601 

Eutima,  240 

Evadne,  417,  419 

Everyx,  495 

Evolution,  16 

Evolution,  Theory  of,  19,  25 

Evolution  vs.  Creation,  22 

Excreta,  73,  103 

Excretory  organs,  115 

Excretory  organs  of  Vertebrates,  550 

Exite,  410 
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Exocdpital  bone,  522 

Filaria,  303 

Exocoetidse,  576 

Filibranch,  362 

Exoccetus,  576 

Filibranchiata,  365 

Exopodite,  410 

Fin  backs,  646 

Eugyra,  510 

Finches,  616 

Extracapsulum,  193 

Fins,  526,  562 

Exumbrella,  235 

Fireflies,  484 

Eyes,  129 

Firmistemia,  588 

Eyes  of  Vertebrates,  539 

Fish  hawk,  617 

Eye  spot,  183 

Fishes,  557 

Fishes,  tails  of,  41 

Fabricius,  13 

Fishes,  circulation  in,  I Z3 

Face,  bones  0^  525 

Fissilinguia,  599 

Faceted  eye,  403,  404 

Fissipedia,  647 

Facial  nerve,  536 

Fissurella,  378 

Factors  of  evolution,  44 

Fissurellidae,  379 

Fair>'  shrimp,  417 

Fissures  of  the  cord,  532 

Falciform  spores,  315 

Flabellum,  410 

Falco,  617 

Flagellata,  200 

Falcons,  617 

Flagellate  epithelium,  75 

Falcr)nifbrmes,  616 

Flagellum,  376 

Fasciolaha,  276 

Flame  cell,  116,  280 

Fat  body,  407,  468 

Flamingo,  615 

Faunal  provinces,  175 

Flat  worms,  267 

Fa  via,  260,  261 

Flea,  snow,  477 

Favosltidae,  259 

Fleas,  493 

Feather  tracts,  603 

Flesh  flies,  493 

Feathers,  603 

Flies,  491 

Feathers,  molting  of,  6x1 

Flies,  black,  493 

Fecundation,  147 

Flies,  blow,  49;} 

Felidse,  647 

Flies,  hot,  493 

Felis,  647 

Flies,  caddis,  483 

Femoral  pores,  589 

Flies,  crane,  492 

Femur.  463,  529 

Flies,  dragon,  479 

Fenestra  oval  is,  544 

Flies,  Are,  484 

Fenestra  rotunda,  544,  593 

Flies,  flesh,  493 

Fertility  of  hybrids,  29 

Flies,  gall,  486 

Fertilization  of  eggs,  147,  148 

Flies,  harvest,  489 

Fertilization  in  Protozoa,  206 

Flies,  Hessian.  492 

Fibre,  639 

Flies,  horse,  493 

Fibrec,  nerve,  94 

Flies,  house,  492,  493 

Fibula,  529 

Flies,  May,  479 

Fibulare,  529 

Flies,  robber,  493 

Fiddler  crab,  437 

Flies,  saw,  485,  486 

Field  mice,  639 

Flies,  Spanish,  484 

Fierasfer,  349 

Flies,  stone,  479 

Filaments,  mesenterial,  252 

Fluke,  276 

Filar  substance,  61 

Flustra,  324 
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Flustrella,  324 

Flying  fish,  576 

Flying  foxes,  638 

Flying  squirrel,  639 

Fodientia,  636 

Fontanelles,  521 

Food  vacuole,  183 

Food  yolk,  80 

Foot.  351 

Foramen  magnum,  522 

Foramen  Panizzse,  592 

Foraminifera,  196 

Fore  brain,  533 

Fore  gut,  104 

Forficula,  480 

Formative  yolk,  80 

Formicariae,  487 

Fossa  rhomboidalis,  535 

Fossores,  486 

Fowl,  613 

Fowl,  digestive  tract  of,  105 

Fowl,  egg  of,  153 

Foxes,  647 

Frenulum  494 

Fringillidx,  616 

Fritillaria,  506 

Frogs,  588 

Frons,  462 

Frontal  bone,  523 

Frontal  sinus,  624 

Frontoparietal  bone,  581 

Fnigivora,  638 

Fulcra,  573 

Function,  change  of,  icx) 

Function,  community  of,  165 

Fungia,  261 

Fungiacea,  261 

Funiculus,  322 

Furca,  420 

Furcula,  605 

Fur  seal,  648 

Gadidae,  578 
Gadus,  577,  578 
Galea,  463 
Galeidse.  571 
Galen,  12 
Galeodes,  450 


Galeopithecidse,  649 

Galeopithecus,  637,  649 

Galeus,  571 

Gall  flies,  486 

Gallinacea,  613 

Galls,  486 

Gallus,  614 

Gamasidse,  454 

Gamasus,  400,  454 

Gammarina,  439 

Gammarus,  439 

Ganglion,  buccal,  390 

Ganglion  cells,  94 

Ganglion,  cerebral,  123 

Ganglion,  optic,  129 

Ganglion,  stellate,  390 

Ganglion,  supraoesophageal,  123 

Ganglionic  nervous  system,  122 

Ganoid  scale,  572 

Ganoidei,  558 

Ganoin,  558 

Gapes,  302 

Garpike,  574 

Garter  snake,  601 

Gasteropoda,  369 

Gasterosteus,  577 

Gastral  tentacles,  246 

Gastrochaena,  368 

Gastrophilus,  493 

Gastrotricha,  295 

Gastrovascular  space,  228 

Gastruvascular  system,  109 

Gastrula,  156 

Gastrulation,  156 

Gavialis,  602   • 

Gazella,  642 

Gecarcinus,  437 

Gecko,  598 

Gegenbaur,  18 

Gela«imus,  437 

Gemmaria,  241 

Gemmellaria,  324 

Gemmulse,  227 

Gemmularia,  241 

Gena,  414,  462 

Generation,  asexual,  140 

Generation  by  parents,  140 

Generation,  sexual,  142 
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Generation,  spontaneous,  139 

Generations,  alternation  of,  144 

Genital  ducts,  120 

Genital  plates,  344 

Genus,  10 

Geocores,  489 

Geodia,  227 

Geographical  distribution,  174 

Geological  distribution,  180 

Geometrina,  494 

Geonemertes,  291 

Gfophilidse,  461 

Geophilus,  461 

Gephyrjea,  316 

Gerard  ia,  259 

Germinal  disc,  152 

Germinal  epithelium,  118 

Germinal  vt^sicle,  81,  146 

(ierm  layer  theory,  17 

Germ  layers  and  budding,  159 

(ierm  layers,  furmation  of,  156 

Geryonia,  242 

Geryonid,  delamination  in,  157 

Geryonid,  germ  layers,  157 

Giiint  cells,  71 

Gihbons,  651 

Gigantostraca,  443 

Gila  monster,  599 

Gill  arch,  524 

Gill  arteries,  504,  548 

Gill  clefts,  501,  547 

Gill  leaves   361 

Gill  slits,  501,  547 

Gill,  tracheal,  469 

Gills,  108 

Gills  of  fishes,  565 

Gills  of  vertebrates,  547 

Gipsy  moth,  119,  495 

Giniifa,  642 

Girdles,  527 

Gizzard,  106,  461 

Glabella,  414 

Gland  cells,  76 

Glands,  77 

Glands,  castor,  618 

Gland,  choroid,  564 

Glands,  germinal,  118 

Gland,  Harder's,  542 


Glands,  hoof,  618 
Gland,  lachrymal,  542 
Glands,  lymph,  550 
Gland,  lymphoid,  331 
Glands,  mammary,  619 
Glands,  milk,  619 
Glands,  musk,  618 
Gland,  nidamental,  392 
Gland,  ovoid,  331 
Gland,  paraxon,  331 
Gland,  parotid,  584 
Glands,  sexual,  80,  117 
Glands,  sweat,  618 
Gland,  subneural.  509 
Glands,  suborbital,  618 
Gland,  thymus,  547 
Gland,  thyrr)id,  547 
Glandular  epithelium,  73,  76 
Glaser's  fissure,  621 
Glass  crab,  436 
Glass  snake,  599 
von  Gleichen,  13 
Globiceps,  241 
Globigerina,  197,  198 
Globiocephalus,  646 
Glochidium,  364 
Glomeridse,  497 
Glomerulus,  1 1 7,  552 
Glossse,  464 

Glossopharyngeal  nerve,  53^ 
Glottis,  547 
Glugea,  218 
Glutin,  85 
Glutton,  647 
Glyptcxlontidse,  636 
Gnatholxlellidae,  321 
Gnathochilarium,  496 
Goat,  642 
Goblet  cells,  77 
Goblet  organs,  307 
Goethe,  14,  21 
Goeze,  13 
Gomphus,  479 
Gonads,  117 
Goniatites,  394 
Goniodes,  479 
Gonochorism,  118 
Gonodactylus,  429 
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Gonophore,  238 
Gonotheca,  242 
Gonys,  604 
Goose  barnacle,  425 
Gopher  turtle,  596 
Gordiacea,  304 
Gordius,  304 
Gurgonidse,  259 
Gorilla,  651 
Gradientia,  587 
Grallatores,  615 
Grantia,  225 
Grasshoppers,  48,  481 
Gray  matter,  124,  532 
Grebes,  615 
Green  gland,  411 
Green  turtle,  596 
Gregarina,  213,  215 
Gressoria,  480 
Gribble,  442 
Gromia,  62,  198 
Ground  substance,  62 
Grouse,  614 
Gruifbrmes,  C15 
Grus,  615 

Gryllidse,  481 
Gryllotalpa,  481 
,   Gryllus,  481 
Guanin,  558 
Guard,  389 
Guinea  pig,  639 
Guinea  worm,  303 
Gula,  462 
Gulls,  615 
Gulo,  647 
Gunda,  271 
Gymnoblastea,  241 
Gymnodonti,  578 
Gymnolsemata,  323 
Gymnonoti,  576 
Gymnophiona,  587 
Gymnosomata,  382 
Gynsecophoral  canal,  119 
Gynandromorphism,  277 

Gyri,  535 
Gyrodactylus,  273,  274 

Habrocentrum,  453 


Haddock,  578 
Hadenoecus,  481 
Haeckel,  18,  24 
Hsemadipsa,  321 
Haemal  arch,  516 
Hsemal  ribs,  518 
Haemal  spine,  517 
Hsemapophysis,  517 
Hsemocoele,  109,  113 
Haemoglobin,  89 
Haemosporida,  216 
Haemuntaria,  321 
HagBshes,  555 
Hair,  617 
Hair  necks,  302 
Hair  worm,  304 
Hairs,  auditory,  127 
Hairs,  tactile,  126 
Halcampa,  259 
Haleremita,  241 
Haliaetus,  617 
Halibut,  578 
Halicore,  645 
Halicryptus,  317 
Haliomma,  J35 
Haliommidae,  196 
Haliotidae,  379 
Haliotes,  379 
Halisarca,  226 
Halitherium,  645 
von  Haller,  17 
Halowises,  239 
Halteres,  491 
Halyclystus,  250 
Hammerhead  shark,  5  71 
Hapale,  651 
Hapalidae,  651 
Harder's  gland,  542 
Hares,  639 
Harpactidae,  421 
Hatteria,  596 
Haustellum,  465 
Haversian  canals,  87 
Haversian  lamellse,  87 
Hawks,  617 
Head  kidney,  310,  550 
Head,  segments  of,  536 
Hearing,  organs  of^  127 
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Heart,  iix 
Heart  shells,  367 
Heat  rigor,  63 
Hectocotylus,  393 
Hedgehogs,  637 
Heliaster,  337 
Heliddse,  383 
Helioporse,  259 
Heliozoa,  190 
Helix,  383 
Hell-bender,  587 
Hellgrammite,  482 
Helminthes,  169 
Helminthophaga,  616 
Heloderma,  599 
Helodermatidse,  599 
Hemelytra,  489 
Hemerobiidse,  482 
Hemibranchii,  575,  577 
Hemichordia,  512 
Hemimetabolous,  473 
Hexniptera,  489 
Hemitripterus,  577 
Hen.  613 
Hen  clam,  368 
Hepatopancreas,  106,  411 
Hepatus,  437 
Heptanchus,  570 
Heredity,  67,  150 
Hermaphroditism,  118 
Hermit  crabs,  436 
Ileruns,  615 
Herring,  576 
Hesperomis,  612 
Hessian  fly,  492 
Heterakis,  301 
Heteraxial  symmetry,  136 
Heteroccrcal  tail,  41,  562 
Heteroconchise,  367 
Heterocotylea,  273 
Heterodera,  300 
Ileterudont  dentition,  625 
Hcterodont  hinge,  359 
lleterogony,  I44i  M5»  4*^ 
Ileteromera,  484 
Heteromyaria,  367 
Heteronemertini,  292 
Heteronereis,  311 


Heteronomy,  138 
Heteropleuron,  504 
Heteropoda,  380 
Heteroptera,  489 
Heterosyllis,  311 
Heterotricha,  209 
Hexacoralla,  259 
Hexactinellidae,  226 
Hexamita,  201 
Hexanchus,  570 
Hexapoda,  461 
Hind  brain,  533 
Hind  gut,  104 
Hinge,  358 
Hinny,  641 
Hipparion,  643 
Hippasterias,  337 
Hippidse,  437 
Hip]X)campus,  578 
Hippocrates,  12 
Hippocrene,  241 
Hippoglossus,  578 
Hipjxjlyte,  434 
Hippopotamidae,  641 
Hippopotamus,  641 
Hippospongia,  227 
Hirudinei,  318 
Hirudo,  32  X 
Hirundinidae,  616 
Hirundo,  616 
Holoblastic  cleavage,  153 
Holoblastic  eggs,  152,  153 
Holocephali,  572 
Holocystites,  342 
Holometabolous,  473 
Holostei,  573 
Holostomate,  371 
Holothuria,  349 
Holothuria,  gastrula  of,  158 
Holothuridea,  346 
Holotricha,  209 
Homarus,  435 
Homaxial  animals,  135 
Homo,  651 

Homocercal  tail,  41,  563 
Homoiothermous,  115 
Homology,  14,  100 
Homonomy,  138 
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Homoptera,  489 
Honey  ant,  4S8 
Honeycomb,  641 
Hoofis,  618 
Hooker,  24 
Hoploceras,  643 
Hoplorhynchus,  213 
Hop  worm,  4Q5 
Hormea,  324 
Hormiphora,  262,  264 
Horn  bills,  616 
Horns  of  cord,  533 
Homed  toad,  599 
Horn  tails,  486 
Horse  flies,  493 
Horse  mackerel,  577 
Horses,  641 
Horseshoe  crab,  444 
House  fly.  492,  493 
Human  embryo,  35 
Humerus,  529 
Humming  birds,  616 
Huxley,  18,  24 
Hysena,  647 
Hysenidae,  647 
Hyalea,  381 
Hyaleidse,  382 
Hyaline  cartilage,  86 
Hyalonema,  226 
Hyalopus,  198 
Hyalospongia,  226 
Hyas,  437 
Hyatt,  24 
Hybrids,  28 
Hydnophyton,  488 
Hydra,  230,  240 
Hydra,  section  of,  14X 
Hydrachna,  454 
Hydrachnidse,  454 
Hydractinia,  241 
Hydranth,  231 
Hydraria,  239,  240 
Hydrichthys,  240,  242 
Hydrobatidse,  489 
Hydrocaulus,  231 
Hydrochoerus,  639 
Hydrocorallina,  239,  241 
Hydrocores,  489 


Hydroides,  313 
Hydromedusae,  230 
Hydrophilidse,  484 
Hydropolyp,  230 
Hydropsyche,  483 
Hydrorhiza,  231 
Hydrosauria,  594 
Hydrotheca,  233 
Hydrozoa,  230 
Hyla.  588 
Hylesinus,  485 
Hylidae,  588 
Hylobates,  651 
Hylodes.  586 
Hymenolepis,  287,  288 
Hymenoptera,  485 
Hyocrinus.  340 
Hyoid  arch,  524 
Hyoid  bone,  524 
Hyoid  cartilage,  524 
Hyomandibular,  524,  525 
Hypsena,  495 
Hypaxial  muscles,  518 
Hyperia,  439 
Hyperina,  439 
Hyperoartia,  557 
Hyperotretia,  557 
Hypoblast,  156 
Hypobranchial  groove,  503 
Hypoderma,  493 
Hypodermis,  398 
Hypogeophis,  587 
Hypoglossal  nerve,  536 
Hypopharynx,  463 
Hypophysis,  535 
Hypoplastron,  595 
Hyporachis,  603 
Hypotricha,  21  z 
Hyracoidea,  644 
Hyracotherium,  643 
Hyrax,  644 
Hystricidae,  639 
Hystricomorpha,  639 
Hystrix,  639 

lapyx,  477 
Ibis,  615 
Ichneumonidse,  486 
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Ichthydium,  295 
Ichthyobdella,  321 
Ichthyodolurites,  570 
Ichthyophis,  585,  587 
Ichthyopsidai  555 
Ichthyosauria,  594 
Icbthyotomi,  572 
Icteridse,  616 
Icterus,  616 
Idtothermous,  115 
Idotea,  441,  442 
Idoteidse,  442 
Idyia,  264 
Iguanidse,  599 
Ilium,  528 
Ilyanassa,  379 
Imaginal  discs,  476 
Impennes,  615 
Impregnation,  147 
Inbreeding,  29 
Incisor  teeth,  625 
Incus,  525,  544 
Indirect  cell  division,  68 
Indirect  development,  160 
Inermes,  317 
Infrabasalia,  340 
Infundibulum,  534 
Ingluvies,  106,  467 
Inia,  645 

Inorganic  bodies,  133 
Inquilines,  486 
Insecta,  458 
Insectivora,  637 
Insects,  cleavage  of  egg,  155 
Integripalliata,  367 
Interambulacral  plate,  335 
Intercalaria,  516 
Interfilar  substance,  62 
Interhyal  bone,  561 
Intermaxillary  bone,  525 
Intermedium,  529 
Interorbital  septum,  560 
Interparietal  bone,  619 
Interradius,  246 
Intervertebral  ligament,  5 19 
Intestine,  106 
Invagination,  156 
Inversion  of  retina,  541 


Iris,  130,  131 
Irritability,  62 
Ischial  callosities,  651 
Ischium,  528 
Isinglass,  573 
Isis,  259 

Isodont  hinge,  359 
Isopoda,  440 
Isoptera,  478 
Itch,  454 
Iter,  534 
lulidse,  497 
lulus,  407 
Ixodes,  454 
Ixodidse,  454 

Jacobson*s  organ,  539 
Jassidae,  490 
Jays,  616 
Jigger,  494 
Jugal  arch,  526 
Jugal  bone,  526 
Jugulares,  562 
Jugular  vein,  549 
June  bug,  484 
Jurassic,  180 

Kallima,  47 
Kangaroos,  634 
Karyokinesis,  68 
Katydid,  481 
Keyhole  limpets,  379 
Kidneys,  Zi6,  550 
Kielmeyer,  15 
Kinetoskias,  324 
King  crab,  444 
King  fishers,  616 
Kinostemon,  596 
Kiwi,  613 
Kcenenia,  449 
Kolliker,  18 
Kowalewskia,  506 
Kowalewsky,  18 

Labial  cartilage,  534 
Labial  palpi,  362 
Labidura,  480 
Labium,  463,  464 
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Labor,  division  of,  165 
Labridae,  576 
Labrum,  463 
Labyrinth,  128,  542 
Labyrinthodonta.  586 
Lac,  490 
Lacerta,  599 
Lacertilia,  598 
Lacertilidae.  599 
Lace  wings,  482 
Lachrymal  bone,  590 
Lachrymal  gland,  542 
Lacinia,  473 
Lacteal  dentition,  625 
Lacuna,  379 

Lacunar  blood  system,  1 13 
Ladder  nervous  system,  124 
Lady  bird,  485 
Lady  crab,  436 
Lsemodipoda,  439 
Lagena,  543 
Lagomys  639 
Lama,  643 
Lamarck,  14,  22 
Lamarckism,  53 
Lamblia,  202 
Lamellae,  Haversian,  87 
Lamellae  bone,  87 
Lamellibranchiata,  358 
Lamellicomia,  484 
Lamellirostres,  615 
Lamna,  571 
Lamnae,  618 
Lamprey  eels,  555,  $57 
Lampyridae,  484 
Land  crab,  437 
Lantstes,  372 
Lantern  of  Aristotle,  345 
Lams,  615 
Larva,  160 
Larval  organs,  161 
Laryngeal  cartilages,  524 
Lateral ia,  424 
Lateral  line,  537.  564 
Lateral  teeth,  359 
Latrodectes,  451 
Laurer's  canal,  273 
Leaf  butterflies,  47 


Leaf  hoppers,  489 
Leatherback  tortoise,  595 
Leather  turtle,  596 
Leda,  367 
Leeches,  318 
Leeuwenhoek,  13 
Lemniscu^i,  304 
Lemuridae,  649 
Lemurs,  648,  649 
Lens  of  eye,  130,  131,  541 
Lepadidae,  425 
Lepas,  172,  42s 
Lepidonotus,  313 
Lepidoptera,  494 
Lepidosauria,  594,  597 
Lepidosiren,  579 
Lepidosteidae,  574 
Lepidosteus,  574 
Lepidurus,  416 
Lepisma,  477 
Lepralia,  324 
Leptaiis,  48 
Leptasterias,  337 
Leptocardii,  502 
Leptocephalus,  575 
Leptochela,  441,  442 
Leptoclinum,  510 
Leptodiscus,  204 
Leptodora,  417 
Leptomedusae,  239,  242 
Leptoplana,  no,  271 
Leptostraca,  427 
Lepus,  639 
Lemaea,  422 
Lemaeidse,  422 
Lernaeocera,  421,  422 
Lemaeopodidse,  422 
Leucania,  495 
Leucetta,  225 
Leuckart,  18 
Leucocytes,  88 
Leucon,  223 
Leucx>nes,  226 
Leucortis,  226 
Leucosoidea,  437 
Leucosolenia,  225 
Libellula,  479 
Libellulidae,  479 
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Libinia,  436,  437 
Lice,  491 
Lice,  bird,  479 
Lice,  book,  479 
Life,  origin  of,  140 
Ligula,  286 
Li^ulidse.  286 
Limacidse,  383 
Liinacinidae,  383 
Limax,  383 

Limbs  of  vertebrates,  527 
Limicola,  315 
Limitaiib  externa,  540 
Limitans  interna,  540 
Limnadia,  417 
Limnxa,  383 
Liixinaeidae,  383 
Lixiinocnida,  239 
Limnocodium,  239 
Limnoria,  441,  442 
Limnothrips,  479 
Limpets,  379 
Limulus,  444 
Linckia,  334 

Linear  nervous  system,  122 
Linerges,  250 
Lines  of  growth,  358 
Lineus.  289,  292 
Lingual  ribbon,  355,  373 
Linguatulida,  454 
Lingula,  328 
Linin,  65 

Linnaean  system,  10 
Linnaeus,  10 
Liobunum,  451 
Lion,  647 
Liriope,  239,  242 
Lithistidae,  226 
Lithobiidae,  461 
Lithobius,  461 
Lithodidae,  437 
Lithodomus,  367 
Liltorina,  379 
Littorinidae,  380 
Liver,  106 
Liver  fluke,  276 
Lizards,  598 
Lizzia,  240,  242 


Lobatae,  264 
Lobate  foot,  614,  615 
Lobi  inferiores,  563 
Lobosa,  189 
Lobster,  435 
Lobster,  spiny,  436 
Locomotion,  121 
Locustidae,  481 
Locusts,  481,  489 
Loggerhead,  596 

LoHgo,  384,  395 

Loligo,  cleavage  of,  155 

Longipennes,  615 

Louns,  615 

Lophobranchii,  578 

Lophodont  teeth,  626 

Lophogastridae,  429 

Lophophore,  324 

Lophopoda,  324 

Lopbopus,  324 

Lophs  of  teeth,  626 

Lorica,  200 

Loricata,  435.  577,  601,  636 

Lor  is,  649 

Lota,  578 

Love  dart,  376 

Loven's  larva,  309 

Loxia,  616 

Loxosoma,  322 

Lucemariae,  250 

Luciae,  510 

Lumbricus,  315,  316 

Lumbricus,  anatomy  of,  118 

Lunatia«  379,  380 

Lung  book,  443 

Lung  fishes,  579 

Lungs,  109,  547 

Lung  sac,  443 

Lung  sacs  of  birds,  609 

Lutra,  647 

Lycosa,  453 

Lyell,  23,  24 

Lygaeidae,  489 

Lymph,  88,  90 

Lymph  corpuscles,  90 

Lymph  glands,  550 

Lymph  system,  550 

Lymph  vessels,  114 
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Lymphoid  gland,  331 
Lyonet,  13 
Lyre  birds,  616 
Lyriform  organs,  445 
Lytta,  4.S4 

Macacus,  651 

Macaques,  651 

Machilis,  458,  477 

Mackerel,  577 

Mackerel  shark,  571 

Macoma,  368 

Macrsesthete,  357 

Macrobdella,  321 

Macrobiotus,  455 

Macrochelys,  596 

Macrochiroptera,  638 

Macrodrila,  315 

Macrogamete,  185 

Macron  ucleus,  206 

Macropodidse,  633 

Macropus,  634 

Mactra,  359 

Mactridse,  368 

Macnira,  434 

Madrepora,  261 

Madreporaria,  260 

Madreporite,  330 

Maioidea,  437 

Malaclemmys,  596 

Malacobdella,  291 

Malacoderma,  259 

Malacopoda,  456 

Malacopteri,  574 

Malacostraca,  426 

Malagassy  region,  178 

Malapterurus,  576 

Malar  bone,  526,  620 

Malaria,  217,  492 

Maldanidae,  313 

Malleus,  525.  544 

Mallophaga,  479 

Malpighi.  13 

Malpighian  Ixxly,  117 

Malpighian  tubes,  438,  445.  459,  461 

Mammalia,  617 

Mammals,  617 

Mammoth,  644 


Man,  651 

Manatee,  644 

Manatus,  644 

Mandible,  401 

Mandibles,  463,  464 

Mandibular  arch,  524 

Mandibular  cartilage,  524 

Mandrils,  651 

Manicina,  261 

Manis,  636 

Manna,  489 

Manubrium,  235 

Mantidae,  480 

Mantis,  480 

Mantis  shrimp,  429 

Mantle,  351,  505 

Mantle  cavity,  352 

Manyplies,  642 

Maiiyunkia,  313 

Margarita,  379 

Margelis,  144.  24Z 

Afarginal  plates,  595 

Marine  faunae,  179 

Marmosets,  651 

Marsipobranchii,  555 

Marsupialia,  632 

Marsupial  bones,  631,  632 

Marsupium,  632 

Marten,  647 

Mastax,  294 

Mastigamoeba,  188,  201 

Maitigophora,  200 

Mastodon,  644 

Maturation  of  egg,  146 

Maturation  and  Fertilization,  147 

Matuta,  437 

Maxilla,  401,  463 

Maxillary  bone,  525 

Maxillary  sinus,  624 

Maxillipeds,  401 

May  flies,  479 

Measly  meat,  284,  285 

Measuring  worms,  494 

Meckel,  14 

Meckel ia,  292 

Mecoptera,  483 

Mediastinum,  546 

Medulla  oblongata,  534 
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Medullary  plate,  501 
Medullary  sheath,  96 
Medusae,  144,  230,  234 
Megalops,  434 
Megalonyx,  636 
Megalosphseres,  198 
•Icgatheriumi  636 

egascolex,  316 
.v^egastoma,  202 
Meissner's  corpuscles,  126 
Melanoplus,  481 
Meleagrina,  367 
Meleagris,  614 
Melitta,  346 
Meloidse,  484 
Melolontha,  484 
Melon ites,  345 
Melophagus,  493 
Melopsittacus,  616 
Membracidse,  490 
Membrane  bones,  515 
Membranipora,  324 
Membranellse,  209 
Membranous  cranium,  519 
Menopoma,  587 
Mentum,  464 
Menuridse,  619 
Mephitis,  647 
Meridional  furrows,  15 1 
Mermithidae,  304 
Meroblastic  cleavage,  153 
Meroblastic  eggs,  152,  154 
Meryhippus,  643 
Mesectoderm,  222 
Mesencephalon,  533 
Mesenchyme,  157 
Mesenterial  Blaments,  252 
Mesenteries,  109,  545 
Mesenteron,  105 
Mesethmoid  bone,  522 
Mesites,  613 
Mesoblast,  157 
Mesobronchus,  609 
Mesoderm,  104,  157 
Mesogloea,  230 
Mesohippus,  643 
Mesonemertini,  291 
Mesonephros,  550 


Mesonephric  duct,  550 
Mesopterygium,  529 
Mesorchium,  546 
Mesotroche,  309 
Mesostenium,  462 
Mesothclium,  158 
Mesothorax,  462 
Mesozoic  era,  180 
Mesovarium,  546 
Metabolism,  173 
Metacarpal  bones,  529 
Metagenesis,  144 
Metameres,  137,  305 
Metamerism,  137 
Metamorphosis,  161 
Metamorphosis  of  insects,  473 
Metanemertini,  291 
Metanephric  duct,  550 
Metanephros,  550 
Metapodium,  369 
Metapterygium,  529 
Metastoma,  430 
Metatarsal  bones,  529 
Metathorax,  462 
Metazoa,  221 
Metencephalon,  533 
Methona,  48 
Metridium,  259 
Miastor,  492 
Mice.  639 
Micrsesthete,  357 
Microcentrum,  481 
Microchiroptera,  638 
Microconodon,  632 
Microcotyle,  274 
Microdriiae,  315 
Microgametes,  185 
Microlepidoptera,  494 
Microlestes,  632 
Micronucleus,  206 
Micropterus,  577 
Micropylar  apparatus,  148 
Microspheres,  198 
Microstomida.  271 
Microthelyphonida,  448 
Micrura,  292 
Midas,  651 
Mid  brain,  533 
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Middle  Ages,  Zoology  in,  9 
Mid  gut,  105 

Miescher's  corpuscles,  218 
Migration  of  birds,  612 
Migration  theory,  52 
Miliola,  197,  198 
Milk  teeth,  625 
Millepora,  233,  241 
Mimicry,  46 
Mink,  647 
Miocene  181 
Miohippus,  643 
Miracidium,  2''6 
Mites,  453 
Mitosis,  68 
Mixipterygium,  570 
Mnemiopsis,  264 
Moccasin,  601 
Modiola,  366,  367 
Molar  teeth,  625 
Mole  cricket,  481 
Moles,  637 
Molgula,  510 
Molgulidse,  510 
Mollusca,  351 
Molpadia,  349 
Monactinellidae,  227 
Monadina,  202 
Monascidise,  510 
Monaxial  symmetry,  135 
Monera,  189 
Moniezia,  287,  289 
Monitor,  599 
Monkeys,  651 
Monocaulis,  240,  241 
Monocystis,  215 
Monodelphia,  634 
Monodon,  646 
Monogenea,  273 
Monogony,  140 
Monomyaria,  367 
Monops,  271 
M<mophyodont,  625 
Monopneumonia,  579 
Monopylea,  196 
Monorhina,  556 
Monoscelis,  271 
Monospermy,  148 


I  Monostomum,  275 
Monothalamia,  198 
Monotocardia,  379 
Monotremata,  631 
Moose,  642 
Morphology,  2 

Morphology,  development  o^  12 
Mosaic  vision,  406 
Mosasaurus,  600 
Moschidse,  642 
Moschus,  642 
Mosquitos,  492 
Mosquitos  and  malaria,  217 
Moths,  494 
Mouse,  639 
Mud  crab,  437 
Mud  puppy,  587 
Mud  turtle.  596 
Mailer,  Fritz,  24 
Muller,  J.,  18 
Mtlller,  O.  F.,  13 
Mullerian  duct,  551 
Mailer's  Bbres,  540 
Mule,  641 

Multicellular  glands,  77 
Multicellularity,  70 
Multinuclearity,  70 
Multituberculata,  632 
Muricidae,  380 
Mus,  639 
Musca,  492,  493 
Muscariae,  493 
Muscidie,  493 
Muscle  cells,  92 
Muscle  fibres,  91 
Muscular  tissue,  91 
Musculature,  12  x 
Musk  deer,  642 
Musk  ox,  642 
Musk  rat.  639 
Mussels,  367 
Mustela,  647 
Mustelidse,  647 
Mustelus,  571 
Mya,  368 
Mycetozoa,  198 
Myctodera,  587 
Myelin,  96 
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Mygale,  453 
Mygalidae,  453 
Mygnimia,  49 
Myidse,  368    • 
Mylodon,  636 
Myocommata,  531 
Myomerismi  523 
Myomorpba,  639 
Myopsida,  395 
Myusepta,  531 
Myotomes,  531 
Myrianida,  310,  313 
Myriapoda,  408.  459,  496 
Myriotbelia,  241 
Myriotrochus,  349 
Myrmecocystus,  488 
Myrmecophaga,  636 
Myrmecophily,  169 
Myrmeleo,  481,  483 
Mysididae,  429 
Mysis,  428,  429 
Mysticetse,  645,  646 
Mytilus,  363 
Myxicolida,  313 
Myxidium,  213,  217 
Myxine,  557 
Myxobolus,  217 
Myxomycetes,  198 
Myxosprmgise,  225,  227 
Myxosporida,  217 
Myzobdella,  315 
Myzontes,  557 

Nacre,  361 
Nilj^eli.  24,  54,  55 
Naiadae,  367 
Naididx,  315 
Nails,  618 
Nais,  307 
Naja,  601 
Nandu,  613 
Nanomia,  244.  245 
Narcomedusse,  239,  242 
Narwalf  646 
Nasal  bone,  523 
Nassa,  cleavage  of,  154 
Nassellaria,  196 
Natatoresi  614 


Naticidse,  380 
Natural  selection,  44 
Nauplius,  37,  413 
NaupUus  eye,  412 
Nausithoe,  134,  250 
Nautilidae,  394 
Nautilus,  387,  394 
Nearctic  region,  176,  178 
Nebalia,  427 
Nectonema,  304 
Nectonemertes,  291 
Necturus,  587 
Nectocalyx,  243 
Needham's  sac,  392 
Nematucysts,  229 
Nematoda,  298 
Nematlieiminthes,  298 
Nematophora,  228 
Nematus,  486 
Nemerteans,  289 
Nemertini,  289 
Nemocera,  492 
Nemognatha,  483 
Nemopsis,  242 
Neocrinoidea,  342 
Neogaea,  177 
Neomeiiia,  358 
Neotropical  region,  176,  177 
Nephilis,  321 
Nephridia,  116,  308 
Nephrostome,  116 
Nepidse,  489 
Neptunus,  437 
Nereid »,  313 
Nereis,  311,  312,  313 
Nerre-end  buds,  537 
Nerve  fibres,  94 
Nerve  hillock,  537 
Nerve  roots,  533 
Nerves  of  vertebrates,  535 
Nervous  system,  122 
Nervous  tissue,  94 
Nettle  Ixxiies,  205 
Nettle  cells,  229 
Neural  arch,  516 
Neural  plates,  594 
Neural  spine.  517 
Neurapophysis,  517 
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Neurenteric  canal,  502,  532 
Neurites,  94 
Neuropodium,  308,  312 
Neuropore,  503,  532 
Neuroptera,  481 
Neverita,  380 
New  Zealand,  177 
Nictitating  membrane,  541 
Nidamental  glands,  392 
Night  hawks,  616 
Nipple,  619 
Nirmus,  479 
Noctiluca,  201,  203 
Noctuina,  495 
Nodes  of  Ranvier,  96 
Nomarthra,  636 
Nomenclature,  binomial,  10 
Non-Ruminantia,  641 
Nosema,  218 
Nothria,  313 
Notochord,  501,  515 
Notochordal  sheath,  516 
Notodelphys,  585 
Notodclphidse,  422 
Notogsea,  176 
Notonectids,  489 
Notopodium,  308,  312 
Nototrema,  585 
Notum,  462 
Nuclear  plate,  595 
Nuclear  fragmentation,  70 
Nuclear  spindle,  68 
Nuclear  substance,  65 
Nuclein,  65 
Nucleolus,  66 
Nucleus,  58,  64 
Nucleus,  cleavage,  149 
Nucleus,  egg,  146 
Nucleus  in  fertilization,  149 
Nucleus  of  Salpa,  511 
Nucleus,  significance  of,  67 
Nucleus,  somatic,  208 
Nucleus,  sperm,  149 
Nucleus,  substance  of,  65 
Nucleus,  structure  of,  65 
Nucula,  365,  367 
Nuculidae,  367 
Nuda,  264 


Nudibranchia,  382 

Nummulites,  198 

Nurse,  144 

Nutrition  and  reproduction,  64 

Nyctotherus,  210 

Nymphon,  456 

Obelia,  240,  242 

Obisium,  450 

Obturator  foramen,  622 

Occipitalia,  521 

Occipital  bone,  521,  619 

Occiput,  462 

Ocellatae,  239 

Ocellus,  129,  403 

Ocneria,  119,  495 

Octocoralla,  258 

Octopoda,  395 

Octopodidae,  395 

Octopus,  384,  390,  394,  395 

Ocular  plate,  335 

Oculina,  261 

Oculomotor  nerve,  536 

Odonata,  479 

Odontoholcae,  612 

Odontophore,  373 

Odontormse,  612 

Odontornithes,  612 

CEcanthus,  481 

CEcology,  457,  164 

(Edipoda,  481 

CEdogonium,  173 

CEgopsida,  394 

(Esophageal  ring,  124 

(Esophagus,  106,  546 

CEstridae,  493 

CEstrus,  193 

Oikopleura,  506,  507    ■ 

Oil  bottle,  484 

Olf&ctory  organs,  126 

OlfEictory  organs  of  vertebrates,  538 

Olfactory  lobe,  534 

Olfactory  nerve,  536 

Oligocene,  181 

Oligochsetse,  314 

Oligosoma,  599 

Oligotrochus,  349 

Olividse,  38b 
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Olynthus,  222 

Omasum,  642 

Omentum,  546 

Ommastrephes,  388,  395 

Ommatidium,  405 

Oncosphsera,  283 

Oniscidae,  442 

Oniscus,  442 

Ontogeny,  3.  160 

Oospore,  185 

Ootype,  272 

Opalina,  209 

Opercular  bones,  562,  566 

Opercularella,  242 

Operculum,  210,  323,  371,  440,  566 

Ophidia,  600 

Ophidiaster,  334 

Ophiocoma,  338 

Ophiocnida,  338 

Ophioglypha,  338 

Ophiopholis,  338 

Ophiothelia,  338 

Ophisaurus,  599 

Ophisthotic  bone,  522 

Ophiuroidea,  337 

Opisthobranchia,  381 

Opisthocoelous,  519 

Opisthopatus,  458 

Opossums,  633 

Op)ossum  shrimp,  428 

Opoterodonta,  601 

Optic  ganglion,  129 

Optic  lobes,  534 

Optic  nerve,  536 

Optic  stalk,  541 

Optic  thalami,  534 

Optic  vesicle,  541 

Oralia,  330,  340 

Orang-utan,  651 

Orange  scale  insect,  490 

Orbitelariae,  453 

Obitosphenoid  bone,  522 

Orchestia,  438,  439 

Order,  lo 

Organic  bodies,  133 

Organisms,  origin  of,  139 

Organ. pipe  coral,  259 

Organs,  99  > 


Organs,  animal,  loi,  121 

Organs,  of  assimilation,  102 

Organs,  auditory,  127 

Organs,  of  Bojanus,  363 

Organs,  circulatory,  109 

Organs,  of  Corti.  543 

Organs,  digestive,  103 

Organ,  dorsal,  341 

Organs,  electric,  563 

Organs  of  equilibrium,  128 

Organs,  excretory,  115 

Organs,  excretory,  of  vertebrates,  550 

Organ  of  Jacobson,  539 

Organs  of  hearing,  127 

Organs,  lateral  line,  537 

Organs,  olfactory,  126 

Organs,  pearl,  558 

Organs,  respiratory,  107 

Organs,  sensory,  125 

Organs,  sexual,  117 

Organs,  sexual,  of  vertebrates,  550 

Organs  of  smell,  1 26 

Organs,  systems  of,  100 

Organs,  tactile,  125 

Organs,  of  taste,  126 

Organs,  of  touch,  537 

Organs,  vegetative,  loi,  102 

Oriental  region,  176,  178 

Orioles,  616 

Omithodelphia,  631 

Ornithorhynchidae,  632 

Omithorhynchus,  631,  632 

Orohippus,  643 

Oronasal  groove,  538 

Orthis,  328 

Orthoceras,  394 

Orthonectida,  220 

Orthoneurous,  374 

Orthopoda,  597 

Orthoptera,  480 

Orycteropus,  636 

Oscarella,  227 

Oscines,  616 

Osculum,  222,  225 

Os  en  ceinture,  581 

Ossein,  86 

Os  traiisversum,  590 

Os  turbinate,  620 
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Osmenis,  576 
Osphradium,  354 
Ossicle,  auditor>%  127 
Ostariophysi,  575 
Osteoblasts,  88 
Ostracoda,  422 
Ostracodermi,  557,  578 
Ostracoteuthis,  388 
Ostraeidae,  367 
Ostium  tubae,  552 
Ostrich,  613 
Otaria,  648 
Otic  ganglion,  537 
Otica,  521 
Otis,  615 
Otocysts,  236 
Otoliths,  127 
Otter,  647 
Ovibos,  642 
Ovicells,  322 
Ovidse,  642 
Oviducts,  120 
Oviparous,  161 
Ovis,  642 
Ovoid  gland,  331 
Ovoviviparous,  x6z 
Owen,  18 
Owlet  moths,  495 
Owls,  617 
Ox  warble,  493 
Oxyha;moglobin,  89 
Oxyrhyncha,  437 
Oxystomata,  437 
Oxyuris,  301 
Oyster  crab,  437 
Oysters,  367 

Pachydermata,  641 
Pachydrilus,  315 
Pachylemuridae,  649 
Paddle  fish,  573 
Pxdogenesis,  142,  472 
Paguridea,  436 
Palaearctic  region,  176,  178 
Palsmon,  400,  434 
Palsemonetes,  434 
Palaemonidse,  434 
Palseocrinoidea,  342 


PaUeotheriom,  643 
Palaeozoic  era,  180 
Palate,  539 
Palatine  bone,  525 
Paieacrita,  494 
Palechinotdea,  345 
Paleontology,  4 
Paleozoology,  4 
Pali,  256 
Palinuridae,  435 
Palinurus,  436 
Pallial  line,  359 
Pallial  sinus,  360 
Pallium,  3S'»  534 
Palmate  foot,  614,  615 
Palm  crab,  436 
Palolo,  311 
Palpi,  labial,  362 
Palpus,  430,  463 
Paludicella  324 
Paludinidae,  380 
Pancreas,  106 
Pandalus,  434,  435 
Pandion,  617 
Pandionidae,  617 
Pangolin,  636 
Panopeus,  437 
Panorpa,  483 
Panorpidae,  483 
Pantopoda,  456 
Paper  nautilus,  395 
Papilio,  496 
Parachordals,  520 
Paractinopoda,  349 
Paradidymis,  552 
Paradisea,  50 
Paradiseidae,  616 
Paradoxides,  415 
Paraglossa,  464 
Paragnath,  430 
Paramsecium,  206,  207,  209 
Paranuclein,  66 
Paranucleus,  206 
Parapodium,  312,  369 
Parapophysis,  518 
Parapterium,  604 
Paraquadrate  bone,  581 
Parasita,  422 
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Parasitism,  167 

Parasphenoid  bone,  533 

Parasuchia,  602 

Paraxon  gland,  331 

Parietal  lx>ne,  523 

Parietal  foramen,  590 

Parietal  ganglia,  354 

Parietal  organ,  535 

Parostoses,  519 

Parotid  gland,  584 

Parrots,  616 

Parthenogenesis,  142,  145,  472 

Partial  cleavage,  152,  153 

Partridge,  614 

Parypha,  241 

Passer,  016 

Passeres,  616 

Patagium,  6^7 

Patellidse,  378 

Pathetic  nerve,  536 

Paunch.  641 

Pauropida,  497 

Pauropus,  497 

Pearl  organs,  558 

Pearl  oysters,  367 

Pearls,  361 

Pearls,  artificial,  558 

P^brine.  218 

Peccaries,  641 

Pecora,  641 

Pecten,  366 

Pecten  of  eye,  61 1 

Pectinatella,  324 

Pectines,  447 

Pectinibranchia,  379 

Pectinidae,  367 

Pectoral  fin,  562 

Pectoral  girdle,  527 

Pedal  cords,  354 

Pedal  ganglia,  353 

Pedata.  349 

Pedes  spurii,  475 

Pedtcellina,  322,  330 

Pediculatl,  575 

Pedlculus,  491 

Pedipalpi,  448 

Pedlpalpus,  445 

Pelagia,  246,  250 


Pelecanus,  615 

Pelecypoda,  358 

Pelicans,  615 

Pelmatozoa,  338 

Pelobatidse,  588 

Pelomyxa,  189 

Peltogaster,  426 

Pelvic  fin,  526,  562 

Pelvic  girdle,  527 

Pen,  389 

Peneidae,  434 

Penella,  422 

Peneus,  434 

Penguin,  615 

Penis,  120 

Pennaria,  241 

Pennatula,  259 

Pennatulidae,  259 

Pentacrinus,  339,  342 

Pentacta,  349 

Pentadactyle  appendage,  529 

Pentamera,  484 

Pentamerus,  328 

Pentastomum,  169,  445 

Pentatomidse,  489 

Pentatoma,  489 

Pentremites,  342 

Perameles,  633 

Peramelidse,  633 

Perca,  574.  577 

Perch,  577 

Percidae,  577 

Perdix,  614 

Pereiopoda,  401 

Perforata,  197,  198 

Peribranchial  chamber,  503,  505 

Pericardial  sinus,  470 

Pericardium,  1 11,  546 

Perichseta,  316 

Perichondrium,  86 

Pericolpa,  250 

Peridinium,  203 

Perilymph,  543 

Periosteum,  87 

Peripatidse,  456 

Peripatopsis,  458 

Peripatus,  456,  458 

Peripharyngeal  liand,  506 
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Peripheral  nervous  system,  122 

Pe.-iphylla,  250 

Periplaneta,  480 

Periproct,  343 

Peripylea,  195 

Perisarc,  233 

Perissodactyla,  640,  641 

Peristome,  209,  343 

Peritoneal  cavity,  546 

Peritoneum,  109,  546 

Periwinkle,  380 

Perla,  479 

Perlidae,  479 

Permian,  180 

Perennibranchiata,  587 

Peromedusse,  250 

Perophora,  5 10 

Peropoda,  601 

Perradius,  246 

Petaurus,  634 

Petiole,  485 

Petoscolex,  315 

Petromyzon,  557 

Petromyzon,  cleavage  of  egg,  154 

Petromyzon tes,  557 

Petrosal  bone,  522 

Phacellae,  246 

Phsenicopterus,  615 

Phxodaria,  196 

Phaxxlium,  196 

Phaethon,  615 

Phagocata,  271 

Phalanges,  529 

Phalangida,  450 

Phalangistidse,  634 

Phalangium,  451 

Phallusia^  509 

Pharyngeal  bones,  560,  576 

Pharyngognathi,  576 

Pharynx,  106,  506.  546 

Phascalosoma,  316,  317 

Phascolomyidse,  633 

Pha«5calomys,  633 

Phascolion,  317 

Phasianella,  379 

Phasianidx,  614 

Phasianus,  614 

Phasmidse,  480 


Phasmomantis,  480 

Pheasants,  614 

Phenacodon,  639 

Phenacodontidse,  643 

Phidippus,  453 

Philichthys,  38 

Philine,  381 

Philonexidae,  395 

Phlegethontias,  495 

Phuca,  648 

Phocidae,  648 

Pholadidae,  368 

Phoronidea,  325 

Phoronis,  325 

Phoxichilidium,  456 

Phragmocone,  389 

Phronima,  439 

Phryganea,  483 

Phrynicus,  448 

Phrynoidea,  448 

Phrynosoma,  599 

Phrynus,  448 

Phthirius,  491 

Phylactolsemata   324 

Phyllium,  48 

Phyllodactylus,  598 

Phyllopoda,  415 

Phyllosoma,  434,  436 

Phyllostomidse,  638 

Phylloxera,  491 

Phylogeny,  4,  31 

Physalia,  245 

Physeter,  646 

Physiological  character  of  species,  27 

Physiologus,  9 

Physiology,  3 

Physoclisti,  567 

Physonects,  244 

Physophora,  244 

Physophorse,  244 

Physopoda,  479 

Physostomi,  567.  575 

Phytoflagellata,  202 

Phytophaga,  633 

Picariae,  616 

Picas,  639 

Pickerel,  576 

Picus,  616 
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Pieris,  496 

Pieris,  cleavage  of,  155 
Pigeons,  26,  27,  614 
Pigmented  epithelium,  540 
Pike,  576 
Pilidium,  290,  291 
Pill  bug,  442 
Pineal  eye,  535 
Pinealis,  535 
Pinnipedia,  647 
Pinnotheres,  437 
Pinnulat,  340 
Pin  worm,  301 
Pipa,  585,  588 
Pipe  fish,  578 
Pisces,  557 
Piscicola,  321 
Pisidium,  368 
Pituitary  body,  535 
Placenta,  634 
Placentalia,  634 
Placoid  scale,  515,  558 
Placophora.  356 
Plagiaulax,  632 
riagiotremata,  597 
Plagiostomi,  569 
Planaria,  271 
rianarians,  268 
Planipcnnia,  482 
Plankton,  179 
Planorbis,  383 
Plantigrade,  647 
Plant  lice,  490 
Plants  and  animals,  171 
Planula,  237 
Plasma,  b!(x>d,  88 
Plasm ic  pn>ducts,  64.  72 
Plasmodium,  198,  216 
Plastin,  66 
Plastogamy,  184 
Plistroii,  594 
Platan ista,  645 
riathelminthes,  267 
P  atyonichus,  436,  437 
riiityrrhinae,  651 
P  ecoptera,  479 
Plectognathi,  578 
Pleistocene,  181 


Pleopoda,  401,  402 
Plesiosauria,  594 
Plethodon,  587 
Pleura,  414,  462,  546 
Pleuracanthus,  572 
Pleural  cavity,  546 
Pleural  cords,  354 
Pleural  ribs,  518 
Pleurobrachia,  262,  264 
Pleuroccrcoid,  283 
Pleurodira,  596 
Pleurotlont  teeth,  599 
Pleuronectidae,  578 
Pleuro)^ritoneal  cavity,  546 
Plictolophus,  616 
Pliocene,  181 
Pliohippus,  643 
Pliny,  8 
Plover,  615 
Plumularia,  242 
Plumatclla,  324 
Pluteus,  332 
Pneumatic  d  uct,  567 
Pneumaticity  of  bones,  608 
Pneumatophore,  243 
Pneumodermon,  382 
Pneumogastric  nerve,  536 
Podocoryne,  241 
Podophrya,  68,  212 
Podophthalmia,  427 
Podura,  477 
Poikilothermous,  115 
Polar  bodies,  146 
Pole  field,  263 
Poles  of  egg,  147,  151 
Polian  vesicles,  331 
Polistotrema,  557 
Polybostrichus,  311 
Polychxtae,  311 
Polychcerus,  269,  271 
Polycladidea,  269,  271 
Polyclinum,  510 
Polyclonia,  247,  251 
Polycystidae,  214 
Polydesmidse,  497 
Polyergus,  488 
Polygordius,  309,  314 
Polymorphism,  165 
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Polynesia,  177 

Polynoe,  313 

Polynoidse,  313 

Polyodon,  573 

Polyodontidae,  573 

Polyp,  230 

Polyphemidse,  417 

Polypid,  322 

Polypodium,  239,  241 

Polyprododonta,  633 

Polypterus,  573 

Polyptenis  tail,  41 

Polyscelis,  271 

Polyspermy,  148 

Polystomese,  273 

Polystomelia,  198 

Polystomum,  273,  274 

Poiythaiamia,  196,  198 

Polytroche,  309 

Polyzoa,  321 

Ponerid'se,  487 

Pons  Varolii,  623 

Pontohdeila,  321 

Pontodrilus,  308 

Pontella,  421 

Porcellanidse,  437 

Porcellain  crabs,  437 

Porcellio,  442 

Porcellio,  nervous  system  of,  124 

Porcupines,  639 

Poreila,  324 

Pori  abdominales,  546 

Porifera,  221 

Porites,  261 

Porpita,  245 

Portal  vein,  548 

Portuguese  man-of-war,  245 

Portunidae,  437 

Poms  branchialis,  503 

Postabdomen.  401 

Postfrontal  bone,  526,  590 

Postorbital  bone,  590 

Postpermanent  dentition,  625 

Potato  beetle,  485 

Powder  down,  603 

Praeclavia,  528,  622 

Pnejoces,  612 

Prairie  dogs,  639 


Praya,  166,  244 
Prefrontal  bone,  526,  590 
Prelacteal  dentition,  625 
Premaxillary  bone,  525 
Premolar  teeth,  626 
Presphenoid  bone,  522 
Priapuloidea,  317 
Priapulus,  317 
Primaries,  604 
Primary  bone,  519 
Primary  yolk,  80 
Primates,  649 
Primnoa,  259 
Primordial  cranium,  52 1 
Principal  tissue,  99 
Priodon,  635 
Pristidse,  572 
Pristts,  572 
Proboscidia,  643 
Proboscis,  373 
Procoelous,  519 
Procoracoid,  528 
Proctodaeum,  104 
Procyon,  647 
Prcechidna,  631,  632 
Proglottids,  278 
Profeet,  466 

Progression,  principle  of|  55 
Prolegs,  475 
Promorphology,  133 
Pronephric  duct,  550 
Pronephros,  550 
Prong  horn,  643 
Pronotum,  462 
Pronucleus,  149 
Proofis  of  phytogeny,  32 
Proostracum,  389 
Prootic  bone,  522 
Propodium,  369 
Propterygium,  529 
Prorostomus,  644 
Prosencephalon,  533 
Prosimiee,  648 
Prosobranchia,  378 
Prostemum,  528 
Prostoma,  156 
Protamoeba,  189 
Proteroglypha,  601 
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Proteroglyphic  tcx>th,  600 
Proteus,  587 
Prothorax,  462 
Protobranchiata,  365 
Protista,  186 
Prutocaris,  416 
Protocerebnim.  462,  468 
]^rot(KX)nchi8e,  365 
Protodonta,  632 
Pnjtohydra,  239,  241 
Protomerite,  214 
Protonemertini,  291 
Ptotonephridia,  115 
Protoplasm,  61,  80 
Pi-otoplasm,  discovery  of,  59 
Protoplasm,  movement  of,  62 
Protopterus,  579 
Prototheria,  631 
Protovertebra,  531 
Protozoa,  183 
Prortacheata,  408,  456 
Protula,  313 
Proventriculus,  467 
Psammonyx,  198 
Pseudelectric  organs,  563 
Pseudobranch,  570 
Pseudocuticula,  597 
Pseudolamellibranchiata,  365 
Pseudonavicella,  215 
Pseudoneuroptera,  477 
Pseudopodia,  187 
Pseudoscorpii,  450 
Pseudosuchia,  602 
Psittaci,  616 
Psittacus,  616 
Psocidae,  479 
Psolus,  349 
Psorosperms,  217 
Pteranodon,  602 
Pteraspis,  557 
Pterichthys,  557 
Ptcrodactylia,  602 
Pteronarcys,  479 
Pteropoda,  382 
Pteropod  ooze,  382 
Pteropus,  638 
Pterosauria,  602 
Pterotic  bone,  522,  560 


Rerotracbeidse,  380 
Pterygoid  bone,  525 
Pterygoid  process,  622 
Pterygoquadrate,  524 
Pterygotus,  444 
Pteryla,  603 
Pubic  bone,  528 
Pugettia,  437 
Pulex,  493,  494 
Pulmonata,  383 
Pulmonary  artery,  549 
Pulmonary  circulation,  549 
Pulmonary  vein,  549 
Pulp  cavity,  515 
Pulvilla,  493 
Puma,  647 
Pupa,  383 
Pupa,  474 
Pupipara,  493 
Purpura,  379,  380 
Putorlus,  647 
Pycnogonida,  456 
Pygidium,  414 
Pyloric  caeca,  565 
Pylorus,  546 
Pyrusoma,  510 
Pyrula,  373 
Python,  601 
Pythonaster,  337 
Pythonomorpha,  600 

Quadrula,  196,  198 
Quadrumana,  650 
Quadrate  bone,  525 
Quahog,  368 
Quail,  614 
Quaternary,  181 

Raccoon,  647 
Rachis,  603 
Racemose  glands,  77 
Radial  canals,  235,  331 
Radial  symmetry,  135 
Radiale,  529 
Radialia,  330,  340,  527 
Radiata,  228,  329 
Radiolaria,  192 
Radius,  529 
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Radula,  355,  373 

Raia,  571,  572 

Raiidse,  572 

Rail,  615 

Rainey's  corpuscles,  218 

Rallus,  615 

Rana,  588 

Ranatra,  489 

Rangifer,  642 

Ranvier,  nodes  of,  96 

Raptores,  616 

Raptorial  foot,  614 

Rasorial  foot,  614 

Rasor  clam,  368 

Rathke,  18 

Ratitae,  612 

Rats,  639 

Rat-tail  larva,  493 

Rattlesnake,  601 

Ray,  10,  20 

R^amur,  13 

Receptaculum  seminis,  120,  471 

Rectrices,  604 

Rectum,  461 

Red  coral,  256 

Redia,  276 

Reduviidse,  489 

Regulares,  345 

Reindeer,  642 

Remak,  18 

Remiges,  604 

Remora,  577 

Renilla,  258,  259 

Reproduction,  asexual,  140,1^ 

Reproduction,  sexual,  142 

Reptilia,  588 

Respiratory  organs,  107 

Respiratory     organs     of     vertebrates, 

547 
Reticularia,  196 

Reticulum,  642 

Retina,  129,  131 

Retina  of  vertebrates,  540 

Retinaculum,  494 

Ret  inula,  405 

Retitelariae,  453 

Rhabdites,  270 

Rhabditis,  300 


Rhabdocoelida,  269,  271 
Rhabdom,  129,  405 
Rhabdonema,  145,  300 
Rhabdopleura,  514 
Rhachiglossa,  380 
Rhachis,  414 
Rhamphastos,  616 
Rhea,  613 
Rhegmatodes,  242 
Rhinoceros,  641 
Rhinocerotidse,  641 
Rhinoderma.  585 
Rhizocephala,  426 
Rhizocrinus,  342 
Rhizopfxla,  187 
Rhizostomese,  250 
Rhopalocephalus,  313 
Rhopalocera,  495 
Rliopalonema,  234 
Rhynchobdellidse,  321 
Rhynchobothrium,  286 
Rhynchocephalia,  596 
Rhynchonella,  325.  328 
Rhynchophora,  485 
Rhynchota,  489 
Rhytina,  645 
Rib,  517,  518 
Right  whale,  646 
Ring  canal,  331 
Rocky  Mountain  sheep,  643 
Rodentia,  638 
Rods  and  cones,  129,  540 
Root  barnacles,  426 
Rorqual.  646 
ROsel  von  R()>cnhofen,  13 
Rossia,  395 
Rostellum,  280 
Rostrum,  389,  424,  465 
Rotalia,  188,  198 
Rotatoria,  293 
Rotifera,  293 
Round  worms,  298 
Rove  beetles,  484 
Rudistidse,  368 
Rugosa,  258 
Rumen,  641 
Ruminantia,  641 
Rupicapra,  642 
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Sabellidse,  313 
Sabinea,  435 
Sable,  647 
Sacconereis,  311 
Sacculina,  426 
Sacculus,  128,  542 
Saccus  vasculosus,  563 
Sacral  ribs.  528 
Sagartia,  259 
Sagitta,  296 
Sagitta  (ear  bone),  564 
Sagitta.  development  of,  158 
St.  Hilaire,  14,  22 
Salamandra,  585,  587 
Salami ndrina,  587 
Salinella,  220 
Salivary  glands,  106 
Saltatoria,  480 
Saltigrada,  453 
Salmu,  576 
S<ilmon,  576 
Salmonidae,  576 
Salpa,  510,  512 
Salpxformes,  510 
Sand  dollar,  345 
Sand  saucers,  380 
San  Jose  scale  insect,  490 
Sapajous,  651 
Sapphiriiia,  421 
Sarcocystis,  213,  218 
Sarcode,  60 
Sarcolemma,  93 
Sarcophaga,  493 
Sarcophilus,  633 
Sarcopsylla,  494 
Sarcoptes,  454 
Sarcosepta,  255 
Sarcosporida,  218 
Sarsia,  241 
Saurii.  598 
Sauropsida,  588    . 
Saururse,  612 
Savigny,  14 
Savigny's  law,  401 
Sawfish,  572 
Sawflies,  485,  486 
Saxicava,  367 
Saxicavidae,  368 


Scala  media,  543 
Scala  tympani,  543 
Scala  vestibuli,   543 
Scale  insects,  490 
Scale,  placoid,  515 
Scales  of  fishes,  515,  558 
Scales  of  reptiles,  597 
Scallops,  637 
Scalpellum,  424 
Scansores,  616 
Scansorial  foot,  614 
Scape,  603 
Scaphander,  381 
Scapharca,  367  ' 

Scaphiopus,  588 
Scaphognathite,  431 
Scaphopoda,  369 
Scapula,  528 
Scarnbseidse,  484 
Schaffer,  13 
Schizodont  hinge,  359 
Schizopoda,  428 
Schizopcxlal  appendages,  409 
Schizosomi,  437 
Sclerophylla,  261 
Schleiden -Schwann  theory,  58 
Schwann,  sheath  of,  96 
Scincidse.  599 
Sciuridze.  639 
Sciu-o'iiorpha,  639 
SciuropttTus,  639 
Sciurus,  639 
Sclera.  131.  539 
Scleral  bones,  611 
Sceleporus,  599 
Seel rophy Ilia,  257 
Sclerosepta,  255 
Sclerotic,  539 
Sclerotic  bones,  593 
Sclerotic  coat.  130,  131 
Sclerotomes,  531 
Scolex,  278 
Scollops,  367 
Scolopax,  615 
Scolopendra,  460,  46 1 
Scolopendrella,  497 
Scolopendridae,  461 
Scomber,  577 
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Scombridse,  577 

Scops,  617 

Scorpionida,  447 

Sculpin,  577 

Scutellunii  489 

Scutibranchia,  378 

Scutigera,  461 

Scutigeridse,  461 

Scutum,  424 

Scyphomedusse,  245 

Scyphopolyp,  230 

Scyphostoma,  245,  246 

Scyphozoa,  245 

Sea  anemones,  251,  259 

Sea  cucumbers,  346 

Sea  fans,  259 

Seahorse,  578 

Sea  lion,  648 

Sea  pens,  259 

Sea  otter,  647 

Sea  snakes,  601 

Sea  squirts,  505,  508 

Sea  urchin,  fertilization  of,  149 

Sea  urchins,  343 

Sea  whips,  259 

Seals.  648 

Secodont  teeth,  626 

Secondaries,  604 

Secondary  bones,  515 

Secreta,  73 

Sedentaria,  313,  453 

Segmental  organs,  116,  308 

Segmentation  cavity,  15  > 

Segmentation  of  egg,  149.  151 

Segments  of  head,  536 

Selachii,  570 

Selection,  artificial,  43 

Selection,  natural,  44 

Selection,  sexual,  46 

Selenodont  teeth,  626 

Semseostomse,  250 

Semicircular  canals,  128,  542 

Semilunar  valves,  567 

Semi  palmate  £D0t,  614 

Semiplumes,  604 

Sensations,  125 

Sense  organs  of  vertebrates,  537 

Senses,  125 


Sensory  epithelium,  73,  82 

Sensory  organs,  125 

Sepia,  386,  388, 395 

Septibranchiata,  368 

Septum,  306 

Sericteria,  494 

Serosa,  473 

Serpulidae,  313 

Serranidae,  577 

Serripes,  368 

Sertularia,  242 

Serum,  blood,  88 

Sesiidse,  495 

Seventeen-year  locust,  489,  490 

Sexual  cells,  143 

Sexual  epithelium,  78 

Sexual  glands,  78,  80 

Sexual  organs,  80,  117 

Sexual  organs  of  vertebrates,  550 

Sexual  reproduction,  142,  145 

Sexual  selection,  49 

Shad,  576 

Shagreen,  569 

Sharks,  571 

Sheath  of  Schwann,  96 

Sheep,  642 

Sheep  tick,  493 

Shell  gland,  411 

Shell,  layers  of,  361 

Ship  worms,  368 

Shore  crab,  437 

Shoulder  blade,  528 

Shoulder  girdle,  527 

Shrews,  637 

Shrimp,  mantis,  429 

Shrimp,  opossum,  428 

Siala,  616 

Sialidse,  482 

Sialis,  482 

Sicyonia,  434 

Siderone,  47 

von  Siebold,  18 

Silenia,  368 

Silicispongise,  236 

Siliqua,  367 

Silkworms,  495 

Silurian,  180 

Siluridse,  576 
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Silverfish,  477 
Simia,  651 
Simiidse,  651 
Simuliidse,  493 
Sinupalliata,  368 
Sinus  frontalis.  539 
Sinus,  sphenoid,  539 
Siphon,  345,  387,  360 
Siphonaptera,  493 
Siphonophora,  240,  243 
Siphonophores,  166 
Siphonostomate,  371 
Siphonostomata,  422 
Siphuncle,  388 
Sipunculoida,  317 
Sipunculus,  317 
Siredon,  36 
Siren,  586 
Sirenia,  644 
Si  rex,  485 
Siricida;,  486 
Sixth  sense,  125,  538 
Skalis,  571 
Skin,  76 
Skull,  519 

Skull  of  mammals,  619 
Skunk,  647 
Skylark,  616 
Slime  animals,  198 
Slime  eels,  557 
Slime  moulds,  198 
Sloths,  636 
Smell,  organs  of,  126 
Smelt,  576 
Snakes,  600 
Snapping  turtle,  596 
Snout  beetles,  485 
Snow  flea,  477 
Social  animals,  167 
Soft-shell  crab,  437 
Soft-shelled  turtle,  596 
Solasteridse,  337 
Sole,  578 
Solemyidse,  367 
Solen,  368 
Solenoconchse,  369 
Solenogastres,  358 
Solenoglypha,  601 


Solenoglyphic  tooth,  teo 

Solenidse,  368 

Solidungula,  641 

Solifugse,  449 

Solpuga,  450 

Solpugida,  449 

Somatic  cells,  143 

Somatic  layer,  159 

Somatopleure,  159 

Somites,  305 

Si>ng  birds,  616 

S«»rex,  637 

Soricidae,  637 

Sow  bug,  442 

Spadella,  298 

Spadix,  238 

Spanish  flies,  484 

Span  worms,  494 

Spatangoidea,  346 

Species,  10 

Species,  nature  of,  I9f  25 

Species,  physiological  characters  o(  27 

Spelerpes,  587 

Speotyto,  617 

Spermaceti,  646 

Spermatophore,  392 

Spermatozoa.  81 

Spermatozoids,  202 

Sperm  nucleus,  149 

Sperm  whale,  646 

Sphseridia,  330 

Sphserogastrida,  451 

Sphseroma,  442 

Sphseromidae.  442 

Sphxrophrya,  212 

Sphserozoidse,  195 

Sphargis,  595 

Sphenethmoid  bone,  581 

Sphenodon,  596 

Sphenoidalia,  521 

Sphenoid  bone,  523,  620 

Sphenoid  sinus,  539,  624 

Sphenopalatine  ganglion,  537 

Sphenotic  bone,  522 

Spherical  animals,  135 

Sphingina,  495 

Sphyranura,  274 

Spicula,  300 
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Spicules  of  sponges,  225 
Spider  crab,  436,  437 
Spider  monkeys,  651 
Spiders,  451,  452 
Spinal  canal,  517 
Spinal  ganglion,  533 
Spindle,  directive,  146 
Spindle  fibres,  69 
Spindle,  nuclear,  68 
Spinnerets,  452 
Spinous  process,  517 
Spiny  ant  eaters,  632 
Spiny  lobster,  436 
Spiracle,  459,  524,  544 
Spiral  valve,  565 
Spirifer,  328 
Spirorbis,  313 
Spirobolus,  497 
Spirula,  388,  394 
Spirulidae,  394 
Spittle  bug,  489 
Splanchnic  layer,  159 
SpIanchnopleiuH;,  159 
Spleen,  550 
Splenial  Ixme,  582 
Splint  lx)nes,  640 
Spondylidae,  367 
Sponge,  frcbh-water,  133 
Sponges,  221 
Spongida,  221 
Spongilla,  133,  221,  227 
Spongillidae,  227 
Spongioplasm,  61 
Spontaneous  generation,  31 
Sporangia,  199 
Spores,  213,  215 
Sporoblasts,  185,  213,  215 
Sporocyst,  276 
Sporosacs,  238 
Sporozoa,  213 
Sporozoites,  185,  213,  215 
Springtails,  477 
Sprinkling- pot  shell,  368 
Spumellaria,  195 
Squali,  571 
Squalus,  571 
Squamata,  597,  636 
Squamosal  bone,  526 


Squid,  395 

Squilla,  429 

Squirrels,  639 

Staggers,  493 

Stapes,  525 

Staphylinidse,  484 

Starfish,  333 

Statoblasts,  227,  323 

Statoliths,  128 

Stauromedusae,  250 

Steganopodes,  615 

Stegocephali,  586 

Stegosaurs,  597 

Stellate  ganglion,  390 

Stelmatopoda,  323 

Stemma,  403 

Stenops,  649 

Stenson's  duct,  539 

Stentor,  209 

Stephalia,  244 

Stephanocyphu<i,  250 

Sterna,  615 

Sternaspis,  314 

Stercoral  pocket,  445 

Sternum,  462,  518 

Sticklebacks,  577 

Stigmata,  459 

Sting,  472.  486 

Sting  rays,  572 

Stipes,  463 

Stink  bug,  489 

Stolo  prolifer,  5 12 

Stomach,  106 

Stomatopoda,  429 

Stomodseum,  104 

Stomolophus,  251 

Stone  canal,  330 

Stone  flies,  479 

Storks,  615 

Stratified  epithelium,  73,  74 

Stratum  comeum,  76,  514 

Stratum  Malpighi,  76,  514 

Streaming  of  protoplasm,  62, 1S8 

Strepsiptera,  483 

Streptoneury,  373 

Stridulating  organs,  469 

Striges,  617 

Strix,  617 
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Strobila,  249,  278 

Strongylidae,  301 

Strongyloides,  300 

Strongylocentrotus,  345 

Strongylosoma,  497 

Struggle  for  existence,  44 

Struthio,  613 

Struthiones,  613 

Sturgeon,  573 

Sturgeon,  tail  of,  41 

Stylaster,  241 

Style,  crystalline  364 

Stylochus,  271 

Stylohyoid  ligament,  621 

Styloid  process,  621 

Sty  lorn  matophora,  383 

Stylonychia,  211,  212 

Stylopidx,  483 

Stylops,  483 

Subcutaneous  tissue,  514 

Subintestinal  ganglion,  374 

Subintestinal  vein,  548 

Submentum.  464 

Subneural  gland,  509 

Subumbrella,  234 

Suckers,  576 

Suck  fish,  577 

Suctoria,  212 

Suidae,  641 

Sulci,  535 

Summer  eggs,  416 

Sun  animalcules,  190 

Supporting  cells,  83 

Suppcjrting  layer,  230 

Supraintestinal  ganglion,  374 

Supnioccipital  bone,  522 

Supraoesopliageal  ganglion,  123 

Suprascapula,  528 

Surf  perch,  577 

Sus,  641 

Swallows,  616 

Swallow  tails,  496 

Swammerdam,  13 

Swans,  615 

Swarm  spores,  185,  I95 

Sweat  glanfls,  618 

Swell  fi-h,  578 

Swim  b'.aildt  r,  l^i 


Swimming  bell,  243 
Swimming  birds,  614 
Swine.  641 
Sword  fish,  577 
Sycandra,  222,  225 
Sycon,  223,  225 
Sycones,  225 
Syllidae,  313 
Syllis,  311 
Sy  Ivicolidae,  616 
Sylvius,  12 
Symbiosis,  169 
Symmetry,  134 
Sympathetic  coloration,  46 
Sympathetic  system,  537 
Symplectic  bone,  561 
Symphyla,  497 
Synapta,  349 
Synapticula,  257 
Synascidise,  510 
Syncitia,  71 
Syncoelidium,  269,  271 
Syncoryne,  241  - 
Synentognathi,  575,  576 
Syngamus,  301 
Syngnathus,  578 
Syringopora,  259 
Syrinx,  608 
Syrphidae,  493 
Systems  ol  organs,  lOO 
Systemic  circulation,  549 
Systemic  heart,  391 

Tabanidoe,  493 

Tabula:,  257 

TabuUtce,  257 

Tactile  bristles,  126 

Tactile  corpuscle,  537 

Tactile  organs,  125 

Tadpole,  586 

Tadpoles  of  Rana  temporaria,  35 

Taenia.  169,  279,  282 

Txniadae.  187 

Tseniola;,  246 

Tsenioglossa,  380 

Talpa,  637 

Talpidse,  637 

Tana  is,  442 
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Tanystoma,  492 
Tapetum  nigrum,  131,  540 

Tape  worms,  285 

Tapiridae,  641 

Tapirs,  641 

Tapirus,  641 

Tarantula,  453 

Tardigrada,  455,  636 

Tarsal  bones,  529 

Tarsus,  463 

Tarsiidte,  649 

Tarsius,  649 

Tarso-metatarsus,  607 

Tasmanian  devil,  633 

Taste,  organs  of^  126 

Taste  organs  of  vertebrates,  538 

Tatusia,  636 

Tautoga,  576 

Taxtdea,  647 

Taxodont  hinge,  359 

Tectibranchia,  381 

Tectrices,  604 

Teeth,  dermal,  515 

Teeth  of  mammals,  624 

Teeth  of  vertebrates,  547 

Tejidse,  599 
Tejus,  599 
Telea,  495 
Tcleostei,  574 
Teleostomi,  569 
Tellina,  368 
Tellinidje,  368 
Telolecithai  eggs,  152 
Telson,  427 
Telotroche,  309 
Temporal  bone,  620 
Temperature  of  mammals,  630 
Tendinous  tissue,  85 
Tenebrionidse,  484 
Tentacles,  gastral,  246 
Tentaculata,  264 
Tent  caterpillars,  495 
Tenthredinidse,  486 
Terebella,  108,  313 
Terebellidse,  313 
Terebra,  486 
Terebrantia,  486 
Terebratulina,  328 


Teredo^  368 

Teredidse,  368 

Tergum,  424 

Termes,  478 

Termitidse,  478 

Terns,  615 

Terrapin,  596 

Terricola,  315 

Tertiary,  181 

Tessellata,  342 

Tesseridae,  250 

Testicardines,  328 

Testudo,  596 

Testudinata,  594 

Testudinidse,  596 

Tethyoidea,  508 

Tetrabothrium,  286 

Tetrabranchia,  394 

Tetracoralla.  258 

Tetractinellidae,.  227 

Tetramera,  484 

Tetraunidse,  614 

Tetrapneumones,  453 

Teffapoda,  555 
Tetrarhynchidae,  286 
Tetrarhynchus,  281,  286 
Tetrastemma,  290,  291 
Tetrasticta.  453 
Tetraxonia,  226 
Tettix,  481 
Thalamophora,  196 
Thalamus,  534 
Thalassicola,  193 
Thalassicolidse,  195 
Thalassima,  317 
Thaiassochelys,  596 
Thaliacea,  510 
Thamnocnida,  242 
Thaumantia,  242 
Theca,  255,  338 
Thecasomata,  382 
Thelepus,  313 
Thelyphonida,  448 
Thelyphonus,  448 
Theridium,  453 
Theriodonta,  594 
Theromorpha,  594 
Thoracici,  562 
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Thoracic  fin,  526,  563 
Thoracostraca,  427 
Thread  cells,  229 
Thrips,  479 
Thrushes,  616 
Thylacinus,  633 
Thymus  gland,  547,  577 
Thyone,  349 
Thyroid  gland,  547 
Thysanoptera,  479 
Thysanozoon,  271 
Thysanura,  477 
Tiara,  236 
Tiaris,  242 
Tibia,  463,  529 
Tibiale,  529 
Tibio-tarsus,  607 
Ticks,  454 
Tick,  sheep,  493 
Tiedemann's  vesicles,  331 
Tiger,  647 
Tiger  beetles,  484 
Tillodontia,  643 
Tima,  242 
Tinea,  494 
Tineidse,  494 
Tipulidse,  492 
Tissues,  71 
Tissues,  accessory,  99 
Tissues,  classification  of,  72 
Tissues,  connective,  83 
Tissues,  elastic,  85 
Tissues,  epithelial,  73 
Tissues,  muscular,  91 
Tissues,  nervous,  94 
Tissues,  principal,  99 
Tissues,  tendinous,  85 
Toad,  homed,  599 
Toads,  588 
Tobacco  iirorm,  495 
Tocogony,  140 
Tomato  worm,  495 
Tongue  bone,  524 
Toothed  birds,  612 
Tooth  shells,  369 
Tomaria,  513 
Torpedinidae,  572 
Torpedo,  572 


Tortoises,  594 
Tortoise  shell,  596 
Tortricidae,  494 
Total  cleavage,  152 
Totipalmate  fcx>t,  614,  615 
Toucans,  616 
Toxiglossa,  380 
Toxodontia,  643 
Toxopneustes,  345 
Trabeculse,  520 
Trachea,  109,  443,  458,  547 
Tracheal  gills,  469 
Trachydermon,  357 
Trachymedusse,  239,  242 
Trachynema,  242 
Tractus  olfactorius,  534 
Tragulidse,  642 
Tragulus,  642 

Transverse  commissure,  123 
Transverse  process,  5 18 
Trapdoor  spider,  453 
Tree  cricket,  481 
Tree  hoppers,  490 
Tree  toads,  588 
Trematoda,  271 
Triarthus,  415 
Triassic,  180 
Triaxonia,  226 
Trichechidse,  648 
Trichechus,  648 
Trichina,  302 
Trichocephalus,  302 
Trichocysts,  205 
Trichodectes,  479 
Trichomonas,  202 
Trichoplax,  220 
Trichoptera,  483 
Trichotrachelidse,  302 
Tridalidae,  269,  271 
Triconodont  teeth,  626 
Tridacna,  367 
Trigeminal  nerve,  536 
Trilobitae,  41  \ 
Trimera,  485 
Trionychia,  596 
Tristicta,  453 
Tristoma,  274 
Tritocerebrum,  462,  468 
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Triton,  sections  of  embryo,  39 
Triton idae,  382 
Tritul>ercular  teeth,  626 
Tritylodon,  632 
Trivium.  334 
Trochal  disc,  293 
Trochanter,  463 
Trochidse,  379 
Trochilidoe,  616. 
Trochilus,  616 
Trochlear  nerve,  536 
Trochophore,  306 
Trochosa,  453 
Trochus,  379 
Troctes,  479 
Troglodytidae,  616 
Troglodytes,  651 
Trombididae,  454 
Trophi.  294 
Tropic  birds,  615 
Tropidonotus,  601 
Trout,  576 
Trunk  fish,  578 
Trutta,  tail  of,  41 
Trygonidse,  572 
Tubicola,  313 
Tubificidae,  315 
Tubinares,  615 
Tubifex,  315 
Tubiporidse,  259 
Tubitelarix,  453 
Tubular  glands,  77 
Tubular  nervous  system,  124 
Tubularise,  239,  241,  242 
Tubulipora,  324 
Tunic,  505 
Tunicata,  505 
Turbellaria,  268 
Turbinated  bone,  620 
Turbinidae,  379 
Turbo,  379 
Turbot,  578 
Turbidae,  616 
Turd  us,  616 
Turkey,  614 
Turkey  buzzard,  617 
Turritopsis,  240,  242 
Turtles,  594 


Twixt  brain,  534 
Tylenchus,  300 
Tylopoda,  643 
Tympanal  organ,  128,  468 
Tympanic  annulus,  544 
Tympanic  bone,  526 
Tympanic  cavity,  621 
Tympanic  membrane,  544 
Tympanum,  544 
Type  theory,  15 
Typhline,  599 
Typhlops,  601 
Tyrian  purple,  380 
Tyrannidae,  616 

Uca,  437 

Uintatherium,  643 

Ulmaris,  247 

Ulna,  529 

Ulnare,  529 

Umbilicus,  370,  554 

Umbo,  358 

Umbrella,  234 

Uncinate  process,  605 

Ungues,  618 

Ungulae,  618 

Ungulata,  639 

Unguligrade,  640 

Unicellular  glands,  77 

Unicom,  646 

Unio,  367 

Union  id ae,  367 

Ureter,  550 

Urinary  bladder,  552 

Urinalor,  615 

Urinatores,  615 

Urnatella,  322 

Uroceridae,  486 

Urochorda,  505 

Urodela,  587 

Urogenital  sinus,  553 

Urogenital  system,  120 

Urogenital  system  of  vertebrates,  55® 

Urosalpinx,  379,  380 

Ursidae,  647 

Ursus,  647 

Use  and  Disuse,  55,  99 

Uterus,  120,  629 
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Utriculo-saccular  duct,  542 
Utriculus,  128,  542 

Varanus,  599 

Vacuole,  contractile,  183 

Vacuole,  food,  183 

Vagabundae,  453 

Vagina,  120,  629 

Vagus  nerve,  536 

Valkeria,  324 

Vampyre,  638 

Vanessa,  496 

Varanidse,  599 

Variation,  25 

Vas  deferens,  120 

Vasa  Malpighii,  461 

Vascular  arches,  504 

Vater  Pacinian  corpuscles,  126 

Vegetative  organs,  10 1 

Vegetative  pole,  147,  151 

Veins,  112 

Velella,  245 

Veliger,  355,  364 

Velum,  235,  356 

Veneridae,  368 

Ventral  aorta,  548 

Ventral  fin,  562 

Ventral  nerve  cord,  123 

Ventricles  of  brain,  534 

Ventricle  of  heart,  iii,  548 

Venous  sinus,  567 

Venus,  368 

Venus'  flower  basket,  226 

Venus*  girdle,  264 

Vermiform  appendix,  627 

Vermilinguia,  599,  636 

Vermes,  535 

Vertebra,  518 

Vertebra  (of  ophiuroids),  337 

Vertebral  column,  516 

Vertebrata,  514 

Vertex,  462 

Vesal,  12 

Vesicle,  auditory,  127 

Vesicle,  blastodermic,  155 

Vesicle,  germinal,  146 

Vesicle,  Polian,  331 

Vesicle,  Tiedemann's,  331 


Vesicularia,  324 
Vesicula  seminalis,  120 
Vespariae,  487 
Vesperlilionidae,  638 
Vesperugo,  638 
Vibracularia,  323 
Vibriisae,  618 
Viperidae,  601 
Visceral  ganglia,  353 
Visceral  sac,  35 1 
Visceral  skeleton,  523 
Vitellarium,  267 
Vitreous  Ixxiy,  130 
Vitrodentine,  558 
Viviparous,  i6i 
Vogt,  24 
Volutidae,  380 
Volvocina,  202 
Vol  vox,  202 
Vomer,  525 

Vortex,  anatomy  of,  120 
Vorticella,  211 
Vorticellidae,  210 

Wading  birds,  615 

Wagner,  24 

Waldheimia,  326 

Walking  stick,  480 

Wallace,  24 

Wallace's  line,  177 

Walrus,  648 

Warblers,  616 

Warm-blooded  animals,  II4 

Wasps,  487 

Water  bears,  455 

Water  beetles,  484 

Water  scorpion,  489 

Water  snake,  601 

Water- vascular  system,  115,  330 

Weasel,  647 

Weevils,  485 

Weismann,  24 

Whalebone,  645 

Whales,  645- 

Whelks,  380 

White  ants,  478 

White  fish,  576 

White  matter,  124,  532 
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White  rats,  639 
Windpipe,  547 
Winter  eggs,  416 
Wisdom  tooth.  650 
Wish  bone,  605 
WolflF,  17 

Wolffian  body,  550 
Wolffian  duct,  550 
Wolves,  647 
Wombat,  633 
Woodcock,  615 
Woodpeckers,  616 
Wool,  618 
Worms,  182 
Wotton,  9 
Wrens,  616 
Wrisberg,  13 

Xenarthra,  636 
Xenos,  483 
Xenurus,  636 
Xerobates,  596 
Xiphiidse,  577 
Xiphistemum,  595 
Xiphosura,  444 

Yellow  cells,  195 
Yellow  fever,  492 
Yoldia,  366,  367 


Yolk,  80 

Yolk  and  segmentation,  151 

Yolk  granules,  81 

Yolk  membrane,  148 

Yolk  sac,  553 

Zebra,  641 
Zeuglodonta,  646 
Zoantharia,  259 
Zoantheae,  259 
Zoea,  413 

Zonary  placenta,  634 
Zonuridse,  599 
Zoology,  1,  5 
Zoology,  history  of,  6 
Zoology,  purpose  o^  z 
Zoophaga,  633 
Zoophytes,  171,  228 
Zoospore,  185,  188,  195 
Zoothamnion,  211 
Zootomy,  beginning  of,  13 
Zooxanthellae,  170,  195 
Zygsena,  571 
Zygapophysis,  519 
Zygobranchia,  378 
Zygodactyl  foot,  614 
Zygomatic  arch,  526 
Zygomatic  bone,  526 
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